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Technical Memorandum X- 53 99 2 

A SYSTEMS ENGINEERING DECISION ALGORITHM WITH 
APPLICATION TO APOLLO APPLICATIONS 

PROGRAM INTEGRATION PROBLEMS 

SUMMARY 

Every engineer o r  manager who is associated with the development and 
evaluation of an engineering design is faced with making a number of decisions 
regarding the acceptance or  rejection of a design approach. Some decision 
considerations may be critical while others are  insignificant. Knowing how to 
structure a decision problem and what considerations to make is the intent of 
this internal note. This document presents the systems engineering work per- 
formed on the development-of a decision algorithm for application to AAP 
integration problems. This document describes the elements of a decision 
situation, how to state primary objectives, and how to develop a list of solution. 
attributes. Methods for ranking solution attributes or  obtaining utility curves, 
synthesizing solution alternatives, and means for evaluating the candidate 
solution alternatives a re  also included. 
alternative solutions for adverse consequences and for selecting solution alter- 
natives that satisfy a decision criterion. 

Provision is also made for analyzing 

The appendices to this document present a sample decision problem 
that demonstrates how the algorithm is applied and interpreted. The sample 
problem was constructed around the design requirement for selecting one of 
four alternate Scientific Airlock (SAL) locations. The SAL was to be located 
on either the Multiple Docking Adapter ( MDA) o r  Airlock Module/Structural 
Transisition Section ( AM/STS) . 

I NTRODU CT I ON 

Decision theory is concerned with the methodologies for aiding the 
decision maker in the process of making or  improving decisions under conditions 
of both certainty and uncertainty. The objective of these methods is to allow 
the decision maker, when confronted with a complex situation with many 



alternatives and consequences, to identify a course of action that is consistent 
with both his requirements and philosophy. 

Complex decision making situations continuously arise when using the 
systems engineering development process. These decision situations usually 
present themselves in the form of a system, subsystem, or component to be 
designed, as a process to be developed, or  as a task to be accomplished. The 
solutions to the decision situations usually present themselves in the form of 
alternative courses of action, any one of which could possibly be satisfactory. 
The real problem in the decision makihg process is how to make a rational 
choice between the alternatives. Whenever the situation is complex and the 
alternatives a re  numerous, the systems engineer's or project manager's task 
becomes extremely difficult. In actual practice, it is well known that as the 
volume of data increases, the evaluation of the relevant data becomes less 
accurate and less consistent. This leads to the omission of important facts, 
misinterpretations, inconsistencies, biased considerations, errors ,  and, in 
the end, selection by sheer prejudice. 

The recognition of the decision maker's plight has led to the use of 
some of the methodologies of formal decision theory in actual engineering 
practice. The use of these methodologies allows the decision maker to make 
rational decisions regarding complex situations with greater accuracy, 
greater confidence, and in a shorter time than was previously possible. 

In regard to the decision making methodologies that are available, it 
must be thoroughly recognized that all decisions ultimately a re  based upon 
human judgement and that human judgement is subjective. Unfortunately, it 
is a historical fact that human judgement is far from perfect; but fortunately, 
there i s  an ever-increasing amount of data that indicate that human judge- 
ment is quite acceptable when applied in the proper realm and with the proper 
precautions. 

The realm in which the use of human judgement is acceptable is in the 
expression of opinions and attitudes in the specialty fields for which the person 
or persons are  experts. The list of precautions which must be taken include: 
( I) the personal type data (opinions, estimates, judgements, etc. ) must be 
acquired only from considered experts; ( 2) the quantification of this data 
must be consistent; and (3)  the opinions must be restricted to the criteria 
level considerations and not to the considerations in the large. 
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It  must be emphasized that the decision making methodologies primarily 
enhance the use of expert opinion as outlined by Churchman, et al. [ i] , 
Fishburn [ a ]  , and Miller and Starr [ 31. Further, it must be emphasized 
that, aside from divine inspiration, there is no better source of data. 

Psychophysical experiments have been conducted which demonstrate 
that expert opinion can yield valid predictions when the opinions a re  restricted 
to relations in the small and then combined into a prediction regarding 
relations or  performance in the large. It is in the combining of the expert 
opinion into a predictive statement of performance involving complex relations 
that the decision theory methodologies a re  the most useful. It must be 
realized, however, that the decision theory methodologies a re  based upon 
certain restrictive assumptions, and when the input data do not conform to the 
assumptions, the results deviate from reality. 

Most of the restrictive assumptions upon which the decision methodol- 
ogies a re  based deal with the independence of various dimensions of the 
decision situation. This independence is required in order to justify the m a l - '  
gamation of opinions in a linear fashion. This linearity assumption ignores 
any possible cross-correlation between the dimensions, and the degree to which 
the cross-correlation is present in a given situation will determine the degree 
to which the predicted results deviate from reality. This cross-correlation 
problem can be minimized by keeping the parameters on approximately the 
same descriptive level. 

Decision situations occur with varying levels of complication. These 
levels a re  best described for convenience in terms of five distinct levels as 
presented by Lifson 41 . 

Level One - The decision maker, aware of the problem, subjectively 
and intuitively considers alternatives , states, outcomes, probabilities, and 
utilities , and selects an alternative for implementation. Judgment is applied 
at the level of the total problem. 

Level Two - The decision maker is presented with an explicit se t  of 
candidate alternatives. States, outcomes, probabilities, and utilities a re  
subjectively manipulated and a decision is made. Judgment is applied at the 
level of the set of candidate alternatives. 

Level Three - The decision maker is presented with explicit sets of 
alternatives, states, and the usual measures of outcomes. The decision 
maker intuitively assigns utilities and probabilities and subjectively manipulates 
these factors to arrive at a decision. Judgment is applied at the level of 
outcomes. 
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Level Four - Alternatives, states, and their probabilities and outcomes 
measured by their usual dimensions a re  made explicit and quantitative. Judg- 
ment is applied at the level of assigning utilities to the outcomes. A t  this level, 
the best alternative can be identified by explicitly computing the relative worth 
of each alternative. 

Level Five - Significant states of the environment and the cri teria 
comprising the measures of outcomes a re  identified. Furthermore, utilities 
associated with the measures of each individual criterion a re  assigned. Judg- 
ment is applied at the level of the individual criterion. The utility assignments 
can, therefore, be made before tlie set  of candidate alternatives is synthesized. 
The best candidate alternative can be identified by explicitly computing, when 
each candidate is analyzed and the probabilities to be associated with the 
measures of outcomes a re  estimated, relative worth of each candidate alterna- 
tive. 

The decision algorithm described in this report can be applied to Level 
Four or  Level Five decision situations. 

DESCRIPTION OF DECISlON SITUATION 

The first  step in a decision making process is to define the problem as  
clearly and concisely as possible. (See Functional Block number 1. 0, Fig. I. ) 
An inquiry is begun which examines the state of affairs to determine possible 
anticipated consequences. 
from a number of promising alternatives that will maximize expected value. 
Alternatives can be contained in the actions to be taken and the states of nature 
to be considered. In attempting to formulate and define the problem, one must 
search out the facts associated with the decision situation. A decision problem 
is never completely undefinable. Some elements of the problem are  clear and 
fixed. Since some of the elements a re  fixed in existence, it is possible to 
fix them in observation as discussed by Hall  [ 51 and Dewey [ 61. 
a r e  derived by analyzing the decision situation to isolate those important 
outside elements, considerations, and influences which observation suggests 
a r e  relevant to the problem. The decision situation itself may contain within 
it possible solutions to the problem. 

The ultimate objective is to select a course of action 

The facts 
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There are  a number of creative methods for analyzing decision situations 
to present the relevant facts. The approach used in this decision making 
process employs two research techniques. These research techniques were 
used to acquire and organize decision situation facts and tentative functional 
system characteristic statements. A needs research was used to broadly 
determine what essential and pertinent needs must be met from an engineering, 
operational , and management standpoint. Furthermore, the needs research 
was aimed at identifying the expected gains o r  losses from the input decision 
situation description, and ascertaining their relative importance as  a component 
(system attribute) to the definition of the problem. In essence, the needs 
research determined the scope and preciseness of the problem definition 
statement. 

An environmental research was used concurrently with the needs 
research. The aims of the environmental research were to search out, under- 
stand, and describe the environment in which the problem was to be formulated 
and to predict what tangible and intangible kfluences might affect the problem 
situation at some period in time. If the environment is dynamic (i. e. , 
changeable with respect to time) , then the problem situation, as well as  the 
problem definition, is also dynamic. Environmental research critically surveys 
new and relevant ideas , methods , theories , opinions , documented facts, 
assumptions , formal ground rules, drawings , etc. that might be used in 
satisfying needs and narrowing a particular se t  of needs under consideration. 

The needs research and environmental research may be considered a 
correlative activity. Both approaches aim to satisfy needs, but one starts 
with customer or  system needs and the other starts with new end items. Both 
approaches can be effectively used to identify the customer's immediate and 
long-range needs. By fulfilling the customer's needs, specific project or 
program goals can be met. In most cases, the goals a re  established by the 
customer, but where goals a re  not clearly defined, the needs research and 
environmental research can be used as an aid in the quest to establish goals. 

In many instances, questions .are raised that ask how various needs 
will be met, o r  what the environmental situation for a particular solution is. 
In the process of answering these questions, the customer may establish new 
goals or redefine old ones. Every physical system has its own unique goals. 
A listing of goals that appears most frequently includes profit, safety, com- 
patibility , cost, time, market, flexibility, quality, simplicity, availability, 
performance, maintenance , commonality, and permanence. 
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Usually any decision making effort requires the expenditure of human 
and material resources. The resources usually considered within the scope 
of a decision problem a re  the time it takes to make a positive decision, the 
expenditure or modification of hardware (material) ,  the expenditure of human 
skills (labor) to accomplish a given task, and the expenditure of capital for 
the recompense of labor and cost of materials. Even the power to make a 
decision ( authority) is considered an important resource in a decision situation. 

Copeland [ 71 submits that a description of the decision situation is 
usually characterized by: ( I) the desire to reach a particular goal or goals; 
( 2 )  the availability of several actions that can be taken, some of which will 
not be as effective as others; and (3 )  the expression of the environrient that 
exists with respect to the action outcomes - certainty, uncertainty, conflict, 
risk, and ignorance. 

STATE PRIMARY OBJECTIVES 

Once the decision situation is adequately described and the problem 
areas a re  clearly understood, it becomes necessary to state the primary 
objective. 
objective incorporates an editorial statement (who, what, where, when, how, 
and why) of needs and should describe how the problem goals a r e  to be opti- 
mally fulfilled. The primary objective statement provides a standard that can 
be used as an effectiveness measurement in assessing the available information 
about any alternative solution or  design attributes that an evaluator might 
consider. 

(See Functional Block 2. 0, Fig. I.) The development of a primary 

DEVELOP L IST  OF SOLUTION ATTRIBUTES 

The third major step in the decision making process is to specify and 
list the system solution design attributes, hereafter designated "solution 
attributes. (See Functional Block 3. 0, Fig. I. ) Solution attributes a re  
defined as design properties o r  characteristics (physical - size, weight, 
color, etc. ; performance - speed, range, reliability, etc. ; others - cost, 
scheduling, r isk,  etc.) that form a composite system or  subsystem. Once 
the decision situation is documented, the relevant information is used in the 
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process of selecting solution attributes. Since the decision situation identifies 
the customer's needs, usually defined in terms of design and operational 
specifications o r  performance threshold values, it becomes evident that the 
input specifications and performance design criteria greatly influence the 
solution attributes. The solution attributes are explicitly stated in terms of 
wanted physical systems that have some intrinsic value, but the problem sit- 
uation consideration and requirements strongly influence the value of a system 
as offered by Chestnut [ 81 . 

The solution attributes are  usually defined in terms of desired inputs, 
expected outputs, boundary conditions, and needs that the system aims to 
satisfy. 

Again, Lifson [ 41 submits that the design criteria for the solution 
attributes may be classified according to: ( I) effectiveness - a measurement 
of needs fulfillment; ( 2) resources - representing the cost associated with 
levels of effectiveness; and (3 )  schedule - representing the time when the 
system is required. The design criteria, in this instance, are  a measure of 
solution attribute goodness and will eventually be used as an input to the value 
model. The derived attributes a re  formulated from a more explicit se t  of 
subsystems. The solution attributes a re  constructed from refined subsystems, 
detailed design, and expected performance criteria. 

RANK SOLUTION ATTRIBUTES AND OBTAIN UTILITY CURVE 

The solution attributes must be classified according to importance to 
determine what influences they exert on the value model. This is accomplished 
by ranking the solution attributes and/or by obtaining the associated utility 
curves for the attributes. (See Functional Block 4. 0, Fig. I. ) Before an 
attribute can be classified as relatively more important than another, the 
attributes must be evaluated in terms of their individual decision cri teria 
variables. The initial decision situation statement provides some of the 
criteria variables while others are derived by snythesis and analysis. A 
decision criterion is usually stated as a functional attribute which one wishes 
to maximize in a selected alternative. It is stated as a rule that specifies 
how the consequences a re  combined to permit the selection of an optimum 
system. The decision cri teria usually specify the values to be gained and the 
uncertainties associated with the attainment of those values [ 51 . 
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A t  this point, the idea of solution attribute ( and their subsystem com- 
ponents) measurement is introduced. The attributes a re  sometimes measured 
in money, psychological values, or  in discrete engineering quantities ( inches, 
pounds, time, etc. ) . The attributes and their subsystem variables, especially 
those used in Appendix A ,  are  measures on the ordinal, interval, and ratio 
scales. In making any realistic decision concerning value judgement, all the 
combinations of dimensionality and level of measurement must be accounted for. 
It must be recognized that almost all complex engineered systems a r e  measured 
on a multidimensional scale as discussed by Hall [ 51 , Goode [ 91 , and 
Stevens [ IO]. It is an elementary fact that the solution attributes and their 
related subsystem variables a re  a conglomeration of subjective and objective 
facts, opinions, ground rules, assumptions, etc. This assortment of criteria, 
as Duncan and Raiffa [ Ill contend, will undoubtedly cause inconsistencies 
( intransitivities) to ar ise  during the importance ranking of solution attributes 
and their subsets. One must either resolve the inconsistencies between the 
attributes or  recognize that they exist. In order to effect a comparison of 
solution attributes, the above scales must be combined and forced into a multi- 
dimensional scale. Accordingly, i t  becomes necessary to adopt a relative 
weighting technique and assign a proportional utility (importance value) to the . 
solution attributes and their implied subsystems. The use of relative weights 
permits the comparison of nonhomogeneous attributes and subsystems by 
placing them on a composite dimensional scale, and establishes a transitive 
ranking. Sometimes the weighting of the attributes and subsystems is implicit 
when made by human observers. At other times, an analysis and discussion 
of a solution attribute can clearly and explicitly reveal the subsystem component 
variables of a vector and indicate the risk of approximations. 

The solution attributes should be carefully inspected to determine if 
any dominant relationships exist. This judicious consideration can greatly 
simplify the ranking between solution attributes. A dominant attribute is 
one which contains a relatively higher degree of importance than that of another. 
A distinction is made between the essential and the nonessential phenomena, 
and the latter a re  ignored or  set aside for a lower level consideration. For 
example, the performance factor of cost may be an overriding consideration 
when it is compared to the design factor of color. If it is determined that the 
factor of color has negligible im.pact on the factor of cost, then color may be 
eliminated as a salient solution attribute. 

A number of unified analytical methods have been devised for measuring, 
ranking, and securing solution attributes from problem situations, considera- 
tions, specifications, and requirements. (See References 5, 8, 9, 12, 13, and 
14. 
techniques for deducing the solution attributes and their subsystem components. 

References 5, 13, and 14 offer the most rigorous and comprehensive 
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In the preceding discussion, the decision criteria variables ( as well 
as their subsets),  dimensionality, dominance, and the ranking of solution 
attributes were discussed. 
of utility (value) that can be expressed quantitatively. Fowlkes [ 151 advances 
the thought that value can be described by a quantative statement which specifies 
what is desired, wanted, o r  needed. (Refer to specification input criteria at 
Functional Block 3. 0, Fig. I. ) An enumeration of value statements comprises 
a value system. The value system includes the characteristics of an ideal 
system and the decision cri teria as related to a value model. The ideal system 
may be characterized by having whatever design elements or  operational 
characteristics that one wishes to incorporate in a scheme. There are  very 
few ideal systems because one usually cannot have everything for which one 
wishes. The basic function of the value model is to provide a means for 
developing the relative merits of available alternative solutions. A decision 
making algorithm ( a rule which can be expressed in mathematical terms) can 
be used to manage the processing and selection of synthesized alternative 
solutions. A decision algorithm has been devised for such a purpose and will 
be discussed under the topic entitled, The Selection of a Solution Alternative 
which Satisfies the Decision Criterion. 

These ideas a re  now amalgamated into a concept 

A number of authors [ 11,16,17,18] have argued that utility can be 
thought of in terms of expected loss or gain where all values a re  forced and 
registered on a single scale. The concept of utility is welded to how one 
expresses individual preferences between various alternatives and maintains 
a consistency in his judgement. 

The utility function reflects preferences about the attributes of the 
alternatives in a given situation, and will reflect not only how one feels about 
the alternatives ( expectation) , but how one feels about them in a particular 
situation. Utility associations a re  introduced in such a manner as  to justify 
the central role of expected value without further argument. When one prefers 
alternative A to B, B to C ,  and A to C ,  that individual can also assign any 
three numbers of decreasing magnitude to reflect his ordinal preference. The 
assignment of quantified numbers to his preference also reflects how that 
individual feels about his environmental situation. The more certain one 
either objectively or subjectively feels about selecting a particular alternative 
over another alternative, one also indicates an assignment of some higher 
numerical quantity associated with the alternative that gives the greater expected 
value. Even if one feels uncertain about the selection of his preferences between 
alternatives, a decision can be made to assign a proportionally higher number 
to the preferred alternative, and to assign an ordinal value to the statement of 
uncertainty. In either the case of certainty or uncertainty, i t  is possible to 
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state the preference between alternatives in terms of conditional probability. 
It may be assumed that there is no conceptual difficulty in assigning subjective 
probabilities to the events in question by using past experience, quantitative 
data, and the knowledge gained from the experiment. Very little is known 
about how one assigns subjective probabilities to events, or how they a re  
related to objective probabilities, other than that both types of probabilities 
a r e  a measure of belief and that mathematically they a re  identical. Everyone 
reacts differently to objectives , utility, and expected outcomes. Therefore, 
the consideration of objectives, assignment of utility values, and the expecta- 
tion should be evaluated in the light of what these factors mean to the individual 
who selected them [4,5,16,19]. It is not the intent of this document to explore 
the concepts of utility and value beyond what has been stated herein. Many 
excellent text books and lecture notes [5,11,16-241 are  available and provide 
an in-depth discussion of the subject matter. 

SYNTHESIZE SOLUTION ALTERNATIVES 

The synthesizing of solution alternatives involves the selection of alter- 
native design approaches, identification of acceptable candidate alternatives, 
and the rejection of unacceptable subsystem approaches. It is important to note 
that all investigative and assignment efforts (Functional Block 5.0 of Fig. 1) 
a re  conducted at the system level. Heretofore, the investigative and assignment 
tasks were concerned with the solution attributes a t  the system level. 
should also be cognizant of the specifications o r  performance threshold values 
that a r e  provided a s  input data to the decision model a t  Functional Block 3 . 0  
(Fig. I ) .  This data flow is now transmitted through the model for further 
c ons i de r ati on. 

One 

The selection of solution alternative design approaches is essentially 
an investigative survey effort. It should be understood that the salient objective 
for this effort is to reduce the universal number of promising subsystem 
design approaches to a number that can be easily managed. Many combinations 
of physical subsystems can be formulated into a system approach to fulfill 
specific needs. In turn, each subsystem approach is interrogated to ascertain 
its related performance levels. A s  examples of certain end results, one 
might consider loading characteristics, dimensional configuration and clear- 
ances, mechanical or thermal efficiency, friction components, frequency 
response, optical quality, flow characteristics, etc. , which might be contained 
in the customer's specification requirements. The performance levels are 
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usually defined as quantitative values from which one may determine the static 
or dynamic characteristics of the subsystem. 

The synthesizing of candidate solution alternatives is a human creative 
process. The solution attributes that were  developed in Functional Block 3. 0 
(Fig. I) may now be considered as a set of design criteria by which one may 
develop candidate solution alternatives. The solution attributes define the 
needs, but the selection of solution alternatives aims at maximizing the 
fulfillment of those needs. The candidate solution alternatives usually incor- 
porate many subsystem design approaches. They may combine the best 
design features from any number of alternative approaches by adapting, mod- 
ifying, substituting, rearranging, o r  putting the subsystems to other uses. 
This effort, if properly accomplished, will result in the establishment of 
composite candidate solution alternative systems that have the best chance of 
maximizing the problem solution needs. 

In the process of formulating candidate solution alternatives, many 
subsystem approaches will be evaluated. The design characteristics and 
performance levels for some subsystem design approaches may not prove as 
attractive as  others. Close scrutiny may show that a given subsystem design 
approach is either excessively constrained o r  impractical for application to 
a higher level. When such a situation is the case, the contending subsystem 
design approach does not warrant further consideration and may be rejected 
as an unacceptable approach. 

THE EVALUATION OF THE CANDIDATE 
SOLUTION ALTERNATIVES 

A t  this point in the design and decision making process, the engineer- 
ing organization has available both the se t  of candidate solution alternatives 
and a set  of desired solution attributes along with their associated utility 
curves, or  functions. The function to be performed now is to evaluate the 
set of candidate solution alternatives with respect to the set  of desired 
solution attributes, and to develop a se t  of relative utilities to be used later 
as input data for the decision algorithm. (See Functional Block 6.0, Fig, I. ) 

Basically, the evaluation function consists of three distinct steps: 
( I) develop the response of the candidate solution alternatives to the set  of 
desired solution attributes, ( 2) develop for each candidate solution alternative 
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a se t  of utility numbers which are  the measures of the particular candidate 
solution alternative's response to the se t  of desired solution attributes, and 
(3 )  develop for the se t  of candidate solution alternatives a set of relative 
utilities for each element in the set  of desired solution attributes. 

The first step in this evaluation function is the most complicated, and 
usually represents a major analytical effort. It is during this first step that 
the alternatives a re  modeled mathematically s o  as to predict the candidates' 
response to the set of desired solution attributes. It is from this mathematical 
simulation effort that measures of the various parameters a re  obtained. 
Further, during this step, a grading of the candidate solution alternatives must 
be made to obtain response for such nonsimulateable attributes as aesthetic 
qualities, political implications, etc. The analysis of the parametxic cri teria 
is essentially a discovery exercise that not only yields quantitative performance 
data, but also yields relevant facts and consequences about the solution alter- 
natives. Once the performance values a re  determined for  each candidate 
solution alternative, they may then be compared to the minimum acceptable 
threshold performance design criteria. If the response analysis indicates that 
the solution alternative performance parameters cannot meet the minimum 
threshold criteria ( specifications) , then the solution alternative is either 
rejected or  refined until miminum design criteria a re  satisfied. 

With all of the candidate solution alternatives and solution attributes 
defined, a trade-off analysis is conducted to facilitate the rapid comparison 
and evaluation of the candidate solution alternatives, and to rank the alter- 
natives so that a consistent course of action is identified with the operational, 
functional, and technical design requirements and management philosophy. 
The explicit solution attributes a re  closely analyzed to ascertain their relative 
importance to the solution alternatives. This function requires the estimation 
and assignment of relative utility between the solution alternatives. The 
assignment of utility values represents a measure of solution alternative 
goodness. The trade-off analysis, as outlined in Reference 25, assures 
that only reasonably acceptable solution alternatives a re  presented for final 
cons ideration. 

The second step consists of taking the values obtained during the 
response analysis for each candidate alternative and by referring to the utility 
curves for each desired solution attribute, determining the set  of utility 
numbers for each candidate. 
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The third step consists of taking the sets of utility numbers and calcu- 

lating sets of relative utilities ( R t  ) for each desired solution attribute. 

These relative utilities are calculated by means of the following equation: 

where 

Uk = utility number for candidate solution alternative i for desired i solution attribute k 

and 

Uk = utility number for candidate solution alternative j for desired 
solution attribute k. j 

When the utility curves could not be developed for the set of desired 
solution attributes, the values for the relative utilities must necessarily be 
estimated by means of expert judgment. The only restriction on their value 
is that 

and 

One of the main reasons for using relative utilities as  inputs to the 
decision algorithm, as  opposed to the actual utility curves and the values for 
the response parameters, is the greatly increased flexibility of program usage. 
In actual practice, utility curves are sometimes difficult to obtain; whereas, 
in their absence, the relative utilities often can be estimated fairly easily and 
with a reasonable degree of confidence. 

14 



ANALYZE ALTERNAT 
ADVERSE CONSEQUENCES 

Having developed more than one candidate solution that promises to 
meet the required specifications, one additional analytical phase is necessary 
prior to submitting the candidate solutions to the value model decision algo- 
rithm. (See Functional Block 7. 0, Fig. I. ) The purpose of this phase is to 
critically examine the candidate solutions from the risk point-of-view. That 
is, each candidate solution must be examined to determine the level of risk 
involved with its selection and to determine the compatibility of this risk with 
the corporation's and customer's philosophy. 

The first part of this analysis is concerned with isolating those portions 
of each solution and ascertaining the level of risk associated with it. It is 
necessary to examine the states of nature and determine the consequences should 
the adverse aspects of the risks occur. It is necessary to determine the prob- 
ability of the occurrence of the adverse aspects. From the consequences and 
probabilities, a probable loss value can be calculated. This is in essence an 
expected negative utility. 

The second portion of this analysis is concerned with determining the 
compatibility of the probable loss with the corporate's and/or customer's 
philosophy. If for any of the proposed solutions, this probable loss figure is 
unacceptable, that alternative is either rejected, or  a requirement is imposed 
at Functional Block 5. 0 ( Fig. I) to improve those high risk aspects associated 
with the alternative. 

If none of the proposed solutions are compatible with the corporate's 
or customer's r i sk  philosophy and if subsystem reevaluation cannot correct 
the situation, then it is necessary to iterate the solutions back to Functional 
Block 2.0 ( Fig. 1) where the program objectives were first formulated. It 
could, of course be decided that within the imposed constraints and with the 
current state-of-the-art, no acceptable solution can be formulated. 

If a set of alternatives are deemed both technically sound and risk-wise 
feasible, then the data for the alternatives are submitted to the decision algo- 
rithm. 
alternative with the largest expected utility is the rational choice. 

There the expected utility is calculated for each alternative, and the 
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THE SELECT ON OF A SOLUTION ALTERNATIVE THAT 
SATISFIES THE DECISION CRITERION 

A decision making algorithm has been devised that makes use of a 
utility/probability approach and also allows for the consideration of the uncer- 
tainty of a decision. The algorithm is used to select a solution alternative that 
satisfies the decision criterion. 
decision algorithm described in this report is a refinement of the technique of 
"forced decisions" as presented by Fasal [ 261. The technique described 
therein is essentially a weighting factor or  ranking selection method used to 
determine the relative value of design characteristics between products. The 
author used a deterministic approach for forcing a decision of expected value, 
with no consideration given to the uncertainty of his decision. The author was 
absolute in his decision making processes. 

(See Functional Block 8.0, Fig. I. ) The 

The decision algorithm presented herein consists of four parts. The 
first and second parts a r e  concerned with the determination of the relative 
importance of each of the solution attributes (these may be objectives, compo- 
nent variables, design criteria, specifications, cost limitations, functional 
and operational requirements, etc. ) and the checking of these data for consis- 
tency. The relative importance of each of these attributes is determined by 
considering the attributes pairwise. This direct comparison of the utilities 
associated with two attributes provides a basis for stating that one solution 
attribute ( in our problem situation: "objectives") is more important than 
another. The mapping of the utility information (value) into the closed interval 
[ 0, I] , in conjunction with equation ( I O ) ,  is the means by which the relative 
importance data for the decision algorithm is generated. This mapping process 
varies according to the manner in which the attribute utilities a re  represented. 
Common to all such mapping processes is that the relative importance between 
the solution attributes is established. The relative importance between the 
solution attributes is an equivalence relation on the Cartesian product of the 
set  of solution attributes with itself. This means that the relative importance 
between *attributes induces a partial ordering upon the set  of solution 
attributes. One property of an equivalence relation is that the relation is 
transitive. A transitive relation is one such that if X is related to Y, and 
if Y is related to Z ,  then X is also related to Z. This property makes it 
possible to check the consistency of the data for the solution attributes impor- 
tance scores by means of a simple test. Consider three solution attributes 
X, Y, and Z, and denote by X - Y that attribute X is more important than 
Y. By consistency, i t  is meant that if X - Y and Y - Z,  then X - Z also. 

Clearly, An inconsistency would be of the form X -+Y, Y - Z, and Z -X. 
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as related in References 5,11,20, an inconsistency is not transitive and there- 
fore it will not induce a partial ordering upon the set of solution attributes. 

The algorithm assumes that the input data is consistent, m d  it  will 
rank the systems even if the data is inconsistent. However, a ranking based 
upon inconsistent data can be completely devoid of meaning. Consequently, the 
input data should be checked for consistency prior to using the decision algo- 
rithm. This can be easily accomplished by subjecting the data to the logical 
test as stated below. 

Let (SPEM) be the matrix of solution attribute importance scores; then, 
the satisfaction of the logical statement: 

[ (SPEM..  2 SPEM.. 2 .AND. SPEM. 2 SPEM 2 .AND. 2 SPEM 2 SPEM ) 
1J J1 Jk kj ki ik 

. OR. (SPEM.. 5 SPEM.. .AND. SPEM. 5 SPEM .AND. SPEM . S  SPEM )] 
11 J1 Jk kj ki ik 

= TRUE ( 1) 

is the criterion for data consistency. There a re  a specific maximum number 
of inconsistencies possible for a given set  of data. If n is the number of 
solution attributes, then the maximum number of inconsistencies ( I  ) , is 
given. by: m 

I = (n3 - n)/24 if n is odd, m 

and 

I = (n3 - 4n)/24 if n is even. ( 3 )  m 

When it is necessary to rank the systems using inconsistent data, it is 
useful to have some measure of data consistency s o  as to better evaluate the 
results. Such a measure is called the coefficient of consistency (K)  and is 
calculated from 

K = 1 - 1 / 1  
o m  (4)  
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where I is the observed number of inconsistencies. When K = I, the data 

a re  completely consistent, and when K = 0, the data contain the maximum 
number of inconsistencies possible for the solution attributes considered. 
Moroney presents a comprehensive explanation of the handling of inconsistencies 
as found in Reference 27. Once the positive decision scores have been 
checked for consistency, an emphasis ( importance) coefficient is calculated 
according to the scheme described later on in this section. The solution 
attribute with the largest emphasis coefficient is considered to be the most 
important. To illustrate this last thought, consider the system design charac- 
teristics given in the SAL problem situation (Appendix A ) .  
characteristics a re  listed in Table C-1  (Appendix C ) .  These characteristics 
represent solution attributes ( an amalgamation of decision criterion variables, 
component variables , sub-objectives , facts , opinions , etc. ) which influence 
the assignment of a utility/probability value to a given attribute. Before a 
utility/probability value can be assigned to a set  of solution attributes, the 
investigator must analyze each solution attribute separately to establish its 
relative intrinsic value to the investigator. If a given attribute has no intrinsic 
value to the investigator, then the integer 0 may be assigned to the upper 
portion of the cell. (The lower portion of the cell is concerned with the estimate . 
of uncertainty associated with the ranking choice. ) If the attribute has maximum 
intrinsic value, then the integer I. 0 may be assigned. If the investigator 
wishes to denote a Ifno choice" between the utility value limits, then the integer 
0 . 5  may be assigned. A summation of the partial values for a given attribute 
yields the absolute utility value for that same attribute. 

0 

Fourteen design 

The third part consists of a system comparison analysis in which the 
competitive systems are ranked according to how they satisfy each individual 
solution attribute. Once again, sets of emphasis coefficients a re  calculated 
to represent quantitatively the ranking results. An example of how the systems 
comparison analysis is conducted is found in Appendix C,  Table C-4. 

The fourth part consists of calculating the merit  scores and uncertainties 
for each score for each of the competitive solution alternatives. These scores 
a re  all normalized to unity, and the solution alternative that has the largest 
numerical score is the alternative that best satisfies the total se t  of solution 
attributes. The uncertainty associated with each score is a measure of possible 
numerical e r ro r  in the computed score. 
Table C-6. ) When use of the algorithm yields nearly equal scores for two o r  
more of the competitive alternatives, this is an indication that there is virtually 
no significant difference in the ability of the two solution alternatives to satisfy 
the specified criteria. However, when the score of one system is substantially 

( See example in Appendix C, 
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larger than the score for the others, this is an indication that the alternative 
with the larger score excels over the other candidate solution alternatives in 
satisfying the overall system requirements. From the difference of the scores 
for two competitive systems and tbe uncertainties, a factor can be calculated 
that is a measure of the confidence that the two systems actually rank 
according to their merit  scores. 

The mathematical formalization of the decision algorithm has been 
organized to facilitate the programing of the method for a digital computer, 
and to minimize the number of data items required to initialize a given problem 
The decision algorithm consists of four parts: ( I) checking of the decision 
data for consistency; ( 2) computation of the solution attribute emphasis coeffi- 
cients; ( 3) computation of the solution comparison emphasis coefficients; and 
(4) computation of the merit scores. 

Assume that the positive decision scores for the solution attributes 
have been arranged in two n x n matrixes (SPEM) :: and ( a) .  The (SPEM) * 
statement contains the decisions, and ( a) contains the Uncertainties associated 
with each of the decisions. The sum of these two matrixes will be referred 
to as the solution properties matrix and will be denoted by (SPEM) . Thus 

The ( i j )  element of (SPEM) :+ is the relative importance score of the ith 
property compared to the jth property. The relative importance of one 
solution attribute with itself is of no interest, m d  consequently, the diagonal 
elements of (SPEM):+ and ( a) are  equal to zero. The decision scores and 
the associated uncertainties for a given attribute pair shall be restricted so  
that the sum of the scores and the uncertainties shall be equal to one (i. e. , 
score.. + uncertainty.. + score.. + uncertainty.. = I ) .  This restriction 

will cause all of the computed coefficients and merit  coefficients to lie in the 
closed interval [ 0, I] . This restriction, along with the assumption that the 
total uncertainty associated with a given pair split proportionally between the 
two attributes, makes it possible to minimize the number of required problem 
initialization data items. The problem initialization data items for the first 
part of the decision algorithm consist of the upper triangular parts of (SPEM):: 
and ( a  ) where ( a ) is an n x n matrix containing the total uncertainties T T 
associated with a given pair score. Further, ( a ) satisfies the relation 

13 13 J1 J1 

T 
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Since the uncertainties a re  split proportionally between the two scores for a 
given attribute pair, it follows that 

( S P E M ) ~ ~  i j  
(a)i j  = (SPEM):: j i  

Solving e,quations { 6) and ( 7 )  

(SPEM):: 
i j  

( a ) . .  = 
ij I - 

simultaneously yields 

and 

j i  
(SPEM)’; 

j i  i - (a,)ij 
(a) = ( a,) ij 

Since the importance scores and uncertainties for a given pair sum to one, i t  
follows that 

Consequently, all elements of both (SPEM):: and ( a) may be calculated given 
the upper triangular portion of SPEM):: and ( aT) . 

The emphasis coefficient associated with each solution attribute is 
defined as the sum of the importance scores for that attribute normalized by 
the total number of pairwise comparisons made. The complete solution 
attribute emphasis coefficient vector (SPEC) can be calculated from the matrix 
equation 
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(SPEC) = 2 (SPEM) (S)T 9 

n ( n - I )  

where (S) is the row vector 

n 

(S) = (I I 1 . . . I) 

The explicit computational formula is 

( a) ik c (SPEM)? + 2 
ik n ( n  - I) k = l  

c (SPEC). = 2 
1 n ( n  -1) k = l  

= (SPEC)” + ( A ) i ,  i = 1,2, . . . , n 
1 

The first term on the right is the solution attribute emphasis coefficient for 
the ith attribute. Assume that there a re  p systems to be compared. The 
data will be arranged in two three-dimensional p x p x n matrixes (SCEM):: 
and (b) . A s  before, the initialization data will consist of only the upper 
triangular part of (SCEM):: and ( b  ) , where ( bT) satisfies the relation T 

Further, the, uncertainties are  assumed to be split proportionally. Conse- 
quently, it follows that 

(SCEM):: - ijk 
(bT) ijk 

- 
(b) i jk  I - ( 13) 
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and 

The matrix of complete system comparison emphasis coefficients 
(SCEC) can be computed from the equation 

( SCEM)* (S) +( b) ( S) . 2 (SCEM)(S) = 
P ( P  - 1) P ( P - 1 )  

2 (SCEC) = 

The explicit computational form is 

= ( SCECrsik + (B) ik (15) 

where i = I, 2, . . . , p and k = I, 2, . . . , n .  The first term on the right 
is the system comparison emphasis coefficient for the ith system and the 
kth attribute, and the second term is the associated uncertainty. 

The system's merit coefficient is the combined emphasis coefficient 
which is a relative measure of how well a given system satisfies the solution 
alternatives. The vector of complete solution alternative merit  coefficients 
(SNj l v )  is computed as  follows: 

(SNLV)  = (SCEC) (SPEC) 

= [ (SCEC):: + (B)] [(SPEC)* +(A) ]  

= (SCEC)* (SPEC):: + (SCEC):: ( A )  + (B)(SPEC):: + (B) (A)  

= (SMV)': + (E)  
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The first term on the right is the desired vector alternative merit coefficients, 
and the second term is the vector of associated uncertainties. The explicit 
computational forms are: 

(sMV)* = 2 (SCEC)::' (SPEC)* k '  i ik 
k = l  

where i = 1 , 2 ,  . . . , p , 

and 

( 16) 

n 

k = l  
( E ) .  1 = ( A ) k  + ( B ) .  ik (SPEC)::'k + (B)ik(A)k . (17) 

When comparing two candidate solution alternatives with nearly equal 
scores,  scrutiny must be given to the associated uncertainties , e r ro r  ( E) . 
In particular, when comparing alternative x with alternative y , either 

OS 

(SMV) + ( E ) x  < ( S M V )  - ( E ) y  
Y X (19) 

must hold true before a rational choice can be made between the two solution 
alternatives. 

In actual practice, it has occurred that the calculated emphasis 
coefficients do not quite represent the true opinion nor philosophy of the 
decision maker. What occurs is that the most important items receive a 
disproportionate emphasis relative to the least important items. The ordering 
of the items are  correct for the most part as well as are  the actual values of 
the emphasis coefficients. However, it is desirable to introduce a method 
to scale these coefficients so as to better represent the decision maker's 
true opinion. 
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This scaling can be accomplished by using a form of Steven's Law [28] 
to map the set of emphasis coefficients onto a set  of modified emphasis coef- 
ficients. The relative magnitude of the modified coefficients will better repre- 
sent the decision maker's opinions. This mapping process can be accomplished 
by means of the equation: 

where 

Em = modified emphasis coefficient 
C 

E = emphasis coefficient 
C 

= maximum value contained in the set of emphasis coefficients 
C 

E 
max 

and 

s = scaling exponent 

The effect of applying this formula is shown in Figure 2. 

A s  can be seen from this figure, when s = I, the modified emphasis 
coefficients are  numerically equal to the emphasis coefficients. When s > I, 
the differences between the various values are emphasized. When s < I, the 
differences between the various values are de-emphasized. Experience has 
shown that the differences need a slight amount of emphasizing. Consequently, 
a value of s should be chosen such that s > I. Experiments a re  presently 
being conducted to determine the appropriate values for this constant. 
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Figure 2. Steven's Law scaling curves. 



APPENDIX A 
S lON PROBLEM 

ASSIGNMENT OF THE SAL DECISION PROBLEM 

It was directed by Systems Coordination Section (%E-ASTN-VAC) that 
Brown Engineering Company, Systems Integration Section (BSVD-V2I) 
investigate the selection of an appropriate location for installing the SAL on 
the AAP-2 Orbital Assembly. This problem was referred to the Engineering 
Analysis Section (BSVD-V2E) for  the purpose of devising an orderly and timely 
systems engineering decision making method in which the above problem, and 
others of a decision making nature, could be resolved. 

ASS UM PT I ONS 

I. 

2. 

3. 

4. 

5. 

6. 

If the engineering modification is to be performed on the MDA and the 
SAL. is to be installed on the same structure, then MSFC will accom- 
plish the tasks. 

The MDA docking window is assumed to be located at MSFC Station 
2037.569. Assume the docking window to be 8.0 inches wide by 12.0 
inches long. 

Assume the MDA docking panel control station to be located at MSFC 
Station 2011. 569. 

Structural Transition Section window cutouts a re  provided in the 
radiator structural cover skin. 

If the SAL is to be located on the AM/STS, then an aerospace contractor 
will probably be selected to accomplish the modification and installation 
tasks. Also *assume that there is a chance that MSFC might designate 
an aerospace contractor to accomplish the SAL modification and 
installation tasks on the MDA. 

Assume the glide-slope indicator to be located on the MDA/LM 
docking panel within the MDA. 
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Assume A A P  experiments T-017 and T-021 to be located on the AM/STS 
between MSFC Station 1850.560 and 1807.569. Assume the experiment 
structural framework and panels to extend 96.0 inches outboard the 
STS/MDA. 

Assume A A P  experiment T-027 (ATM Contamination Measurement) 
must be operated through the SAL and extend outboard the orbital 
assembly towards the LM/ATM. 

Assume AA P experiment T-025 (Coronagraph Contamination Measure- 
ment) must be operated through the SAL and extend outboard the 
orbital assembly to measure sunlight, solar illumination, and atmos- 
pheric reflection. 

Assume A A P  experiment S-018 (Micrometeoroid Collection) must be 
operated through the SAL and extend outboard the orbital assembly to 
collect small micrometeoroids, measure meteoroid flux, and collect 
bio-specimens. 

Determine which solution alternative is the most expensive by using 
cost analysis, and assume this approach to be the normalized case. 

DESCR 1 PTlON OF THE DECl  S ION S ITUATION 

In deference to the particular problem situation discussed herein, it 
is found that many technical and management considerations affect the final 
problem definition. Tables A- I  and A-2 summarize a number of such consider- 
ations. These considerations identify general and specific design requirements, 
philosophical position, relative environment, boundary conditions (all e s  tab- 
lished through research techniques), and contribute to the description of the 
decision situation. A description of the decision situation for this study may be 
characterized by the desire of MSFC to select a method for locating a SAL on 
the AAP-2 Oribtal Assembly (OA) so that established experiment and mission 
goals can be fulfilled. The most likely location to place the SAL is on either the 
MDA or  AM/STS subassemblies. There also exists the possibility of locating 
the SAL at one of four locations, two on the MDA and two on the STS (Fig. A-I)  . 
The four choices outlined above suggest that the decision maker will be faced 
with the optimization of a SAL location as well as  the choice of how the selection 
of alternatives a re  to be implemented. 
that not all of the input information (design considerations, requirements, 

Finally, the problem situation is such 
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TABLE A-I. SAL PROBLEM SITUATION DESCRIPTION - TECHNICAL 
CONSIDERATIONS 

Number 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

Technical Considerations 

How much MDA or  STS wall area will be consumed after instal- 
ling the SAL? 

How much launch storage area is available over the SAL after 
installation? 

What type of structural interface and handling problems a re  to 
be anticipated? 

What type of structural elements are  expected to be modified 
in the MDA or  STS? 

What internal components ( experiment packages, handrails, 
operational flight support equipment, hardware, etc. ) are 
expected t o b e  relocated because of the impact of positioning 
the SAL? 

Would it be easier and less costly to reference and locate the 
SAL on o r  off the MDA/STS vertical (X) structural axis system? 

Can A A P  experiments S-018, T-025, and T-027 be operated 
through the SAL once its location is determined? 

What other A A P  experiments a re  serviced by the SAL? 

Will there be adequate clearance to operate the A A P  experiment 
extension and push rods through the SAL from within the MDA 
or  STS work areas? Will  there be adequate clearance to operate 
the above rods through the SAL outboard, the MDA, or  STS? 
WJll there be interference with the LM or  ATM structure? 

Will  there be adequate astronaut crewmember working clearance 
and maneuverability in the MDA or STS once the SAL is installed? 

Does the MDA/STS radiator require major o r  minor modification? 

Wil l  the SAL be susceptible to micrometeoroid impact damage, 
or  contamination because of outgassing of equipment or  
experiments? 

Will  the location of the SAL be positioned near the MDA control 
station so that the glide-slope indicator 'may be referred to 
during A A P  experiment operations? 
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TABLE A-1 ( Concluded) 

Technical Consider ations 

Can the T-027 experiment photometer canister interface to the 
SAL? 

Is the optimum location of the SAL the best position to support 
the AAP-3 and 4 missions? 

Who will operate the SAL during flight operations? How many 
personnel wil l  work in the immediate area during SAL experi- 
ment operation ? 

How do A A P  experiments T-017 and T-021 affect the SAL 
operation or  support requirements ? 

What relative importance does the Astronautics Laboratory 
attach to SAL size, operational convenience and safety, choice 
of location and orientation position , and relocation of internal 
MDA/STS equipment? 

Does Human Factors Engineering have a preference for 
locating the SAL on the MDA/STS module? 

A r e  there critical distances that must be maintained between the 
SAL and other structural assemblies or  components ( Orbital 
Workshop, LM/ATM, and CSM) ? 

If technical ( specifications) and operational SAL standards 
exist, are these consonant with the values of required system 
variables, o r  must those standards be modified to meet new 
system values ? 

Is it considered a major o r  minor modification when mounting 
the SAL to the MDA or STS? 
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TABLE A-2. SAL PROBLEM SITUATION DESCRIPTION - MANAGEMENT 
CONSIDERATIONS 

30 

Management Considerations 

Does NASA have any outstanding contractual obligations or  
previous management agreements with outside aerospace con- 
tractors that could dictate or materially influence the outcome 
of structural modification, SAL installation, and facility support 
costs ? 

What resources ( labor, material, facility support , capital , 
and time) a r e  available for modifying the MDA or AM/STS, 
relocating internal equipment, and installing the SAL in an 
optimum location? Can it be assumed that all resources a r e  
minimized while the technical gains (value) a re  to be maximized? 
Does the minimization of resources, and maximization of 
value represent a valid decision criterion? 

What engineering solution attributes must be considered for the 
selection of an optimum SAL location? 

Who will perform the actual modification, installation, and 
support effort, and in what facility will this effort be accom- 
plished? If the modification is to be accomplished and the SAL 
installed on the MDA, then can it be assumed that MSFC will 
perform the above tasks? Or  rather, can it be assumed that 
an aerospace contractor will accomplish the modification and 
installation tasks if they a r e  performed on the AM/STS module? 

Will  interfacility or intralaboratory heavy duty transportation 
equipment be available to move the MDA and STS? Will  trans- 
portation and storage costs materially impact management's 
decision to do the job at MSFC or  subcontract the job to an 
aerospace manufacturer ? 

How much time is required to complete the overall modifications 
and SAL installation? How much time is required for structural 
integrity testing? 

Wil l  the structural modification, SAL installation, and testing 
effort be completed in time to support the AAP-2 mission? 
How about the AAP-3 and 4 missions? 

What are  the A A P  experiment mission requirements for the 
SAL? 



TABLE A-2 (Concluded) 

Management Considerations 

How much cost savings can NASA realize if MSFC performs 
the modification of the structure, installation of the SAL, and 
testing of the system? 

Can the functional objectives be' stated quantitatively ( assigned 
value of utility) and ranked (assigned an order of importance) 
with a high degree of conficence? 

Can NASA make use of the MSFC facilities and existing 
manpower to modify the MDA or  STS structure, install the 
SAL, and test for integrity, or  would it be cheaper and quicker 
to perform the above tasks at ah aerospace contractor's 
facility? 
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Figure A- f . Multiple Docking Adapter and Structural 
Transition Section configuration 

specifications, etc. ) are completely known, or can be fully relied upon for any 
length of time. Consequently, this is an example of decision making under 
the condition of uncertainty. 

Normally, the customer (MSFC) would outline or  detail the desired 
design specifications, experiment requirements, anticipated performance, 
threshold values, etc. , but the nature of the SAL problem situation did not 
avail itself to such an unequivocal approach. Several levels of intralaboratory 

32 



and interlaboratory communication problems arose ( as  well as communication 
of proprietary contractual data between a private aerospace contractor , support 
contractor, and MSFC) that prohibited MSFC from defining the SAL design 
requirements and anticipated performance threshold values. This problem 
was deferred until a list of solution attributes could be developed and an 
estimate of design performance could be assumed. 

STATE THE PR [ M A R Y  OBJECTIVES 

From the description of the SAL related decision situation, a primary 
objective may be succinctly stated: 

Determine the optimal location and installation for the SAL 
on either the MDA or  AM/STS maximizing the expected 
engineering and operational value , while minimizing overall 
modification time and cost. The SAL shall support the 
AAP-2 through 4 mission experiment requirements as 
deemed necessary. 

The general goal is to fulfill the customer's (MSFC) needs, but the 
particular goal is to select an optimal location for the SAL and install such 
on the MDA or AM/STS. There are two courses of action to choose from, as 
implied by the statements of maximization and minimization. For this prob- 
lem situation, one course of action will be that MSFC chooses to accomplish 
the primary objective, o r  that MSFC will delegate this responsibility to an 
aerospace contractor (the second course of action). 

DEVELOP A L IST  OF SOLUTION ATTRIBUTES 

Pursuant to the particular problem situation, we are  concerned with 
the selection of solution attributes at the subsystem level that define alter- 
native value systems and alternate physical systems. The solution attributes 
should be explicit and define goodness in terms of effectiveness , expenditure 
of resources, and time. The solution attributes selected for this study are  
the results of a distillation of technical and management considerations that 
primarily annotate the value of an end system. The numerical values stated 
below are  the results of assumptions, considered opinions, and mathematical 
analyses that were developed in Appendix A ( Tables A-3 and A-4) and 
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TABLE A-3. SAL SOLUTION ATTRIBUTE COMPONENT SUNIMARY SHEET 

Solution Attributes 

Modification of the Structure 

Radiator Modification 

Relocation of Internal Equipnicnt 

Launch Storage Area 

n'nll Area Consumed by S.4L 

Reflection, Outgassing from 
T-Oli, T-0'21 Esperinients 

Crew Obstructions 

S e a r  Control Station 

SAL Extension Rod Clearance 

Transportation 

Schedule Effect - SAL Installation 

Schedule - AAP-2-Mission 

Use During AAP-3/AAP-4 
blission 

SASA Contractual Obligations 
and Cost 

1 

Dimension of 
Solution Attribute 

Variables 

c o s t  ( $ )  

c o s t  ( $ )  

c o s t  ( $ )  

Area  (in.  ') 

Area ( i n ? )  

Line -of -Sight 
Distance (in. ) 

Protrusion 
Distance (in.  ) 

Line-of-Sight 
Distance ( in. ) 

Distance ( in .  ) 

c o s t  ( $ )  

Time (days) 

Time (months) 

Time (months) 
Distance (in. ) 

c o s t  ( $ )  
PhiloSophy 
(Intangible) 

2 

Solution Attribute 
Value Range 

172 680.00 - 327 600.00 

0.00 - 163 800.00 

30 712.50 - 282 555.00 

0.0 - 196.0 

315.0 - 325.0 

96.75 - 217.00 

40 - 64 

46. 25 - 159. 25 

24 - 36 

2 047.50 - 81 900.00 

20 - 45 

2. 5 - 4. 0 

4 - 8  
96 - 121 

208 770.00 - 819 000.00 

- 

3 
Average 

Solution Attribute 
Value Range 

( Threshold Values) 

250 140.00 

81 900.00 

156 633.75 

98. 0 

320.0 

156.875 

52 

102.75 

30 

41 973.87 

32. 5 

3. 25 

6 
108.5 

513 885.00 

- 

rl 
Ernphaw 

Coefficient 
( See Table C-3: 

0.08461 

0.06703 

0.07142 

0.02857 

0.03076 

0 .  06493 

0.05824 

0.04815 

0. 06203 

0..05054 

0 .  05274 

0.07252 

0.09450 

0.12747 



Appendix €3. The following solution attributes a re  considered relevant to the 
problem situation: 

I. Assuming that a normalized cost of modifying either the MDA or  
STS modules can be established at 32.76 percent of the total 
modification cost ( in support of the SAL installation requirement) , 
determine the minimum net cost and specify an optimized con- 
figuration. 
rerouting of system car r ie r  lines must be minimized. 

Physical handling, manufacture processing, and 

2. Assuming that a normalized cost of modifying the MDA/STS 
radiator can be established at 16.38 percent of the total modi- 
fication cost ( in support of the SAL installation requirement). , 
determine the minimum net cost and specify an optimized con- 
figuration. Structural' modification, rerouting of cooling lines , 
and addition of standoff hardware must be minimized. 

3. Assuming that a normalized cost of relocating the internal MDA 
or  STS equipment (storage packages , experiments, handrails 
and mobility aids, flight equipment, etc. ) can be established 
at 24. 57 percent of the total modification cost (in support of 
the SAL installation requirement) , determine the minimum net 
cost, and specify an optimized configuration. The relocation of 
primary flight support systems and hardware must be minimized. 

4. To ensure the operational success, safety, and protection of 
those A A P  experiments operating through the SAL, the reflection 
of micrometeoroid particles ( including abrasive exhaust gas 
particles from the RCS rockets) and outgassing from flight 
hardware must be minimized. The location of the SAL must 
not interfere with the operation of A A P  experiments T-017 and 
T-021. 

5. To ensure ease of flight reference position during A A P  experi- 
ment operations , it is, highly desirable that the SAL be located 
near the glide-slope indicator on the MDA control station panel, 
o r  near the MDA control station. 

6. To ensure the operational success of those A A P  experiments 
operated through the SAL with mechanical extension or manual 
push rods,  adequate MDA or  STS internal operational handling 
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space must be provided for the crew member to assemble the 
rods. The determination of the SAL extension rod clearance 
requirements is essential. The relocation of internal MDA or  
STS hardware must be minimized. 

7. It is necessary to interface the T-027 experiment photometric 
extension rod canister to the SAL during experiment operations. 
Determine the astronauts * relative working and maneuverability 
clearance within the MDA or STS modules when the photometric 
extension rod canister is installed on the SAL. Select a SAL 
installation configuration’ that best meets the above requirements. 

8. It is highly desirable that a minimum of MDA or STS interior 
wall surface area be consumed when installing the SAL. Identify 
an optimized SAL installation considering consumed wall area 
and best installation position. 

9. It is desirable that the SAL be installed in either the MDA or  
STS module to ensure maximum storage area directly over the 
SAL. Select an optimized location to ensure adequate astronaut 
SAL work station clearance and maximum storage area capacity. 

I O .  Assuming that a normalized cost of transporting the MDA, STS, 
or MDA/STS modules can be established at 8 . 1 9  percent of the 
total modification cost ( in support of the SAL installation 
requirement), determine the minimum net cost and specify 
which module or  combination of modules would be easiest and 
cheapest to transport. Handling must be minimized. 

11. To ensure a reasonable project modification time schedule’for 
accomplishing all manufacturing, SAL installation, and equip- 
ment relocation tasks, estimate the required working days to 
complete the above tasks. It is imperative that the working 
days be kept to a minimum to avoid excessive stretching out of 
A A P  mission launch schedules. 

12. A reasonable AAP-2 project modification time schedule for 
accomplishing all modification work, installations, reassemblies, 
testing, qualifications, and support tasks must be estimated. It 
is imperative that the time to accomplish these tasks be kept to 
a minimum to avoid AAP-2 mission schedule impacting. 
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13. For the SAL to support the AAP-3 and 4 missions experiment 
operational requirements, the unit installation must not physically 
interfere with experiments T -017 and T-021. Experiments 
S-018, T-025, and T-027 must be operated through the SAL, 
free  from human or mechanical impairment o r  interference 
from surrounding OA structure. The selection of a SAL 
position must be critically evaluated in terms of cost, mission 
consequences, and the likelihood of NASA to select the optimized 
configuration. 

14. Assuming that the total cost of madifying the MDA or STS 
modules, installing the SAL, relocating internal equipment, 
and provision of support services can be normalized and estab- 
lished at $ i , O O O , O O O ,  select an optimized configuration that 
minimizes the t d a l  modification expense. A profit or  cost 
saving of 18.10 percent may be realized, depending on whether 
an aerospace contractor o r  MSFC accomplishes the 
modification. effort. Any outs tanding contractual obligations 
affecting the total modification effort between NASA and an 
aerospace contractor should be so noted. 

RANK SOLUTfON ATTRIBUTES AND OBTAIN UTILITY CURVE 

The decision criteria a re  usually defined in terms of subsystem 
solution attributes that have some expected value associated with the attribute. 
Each attribute has a particular measure of value that, in most cases,  must be 
related to a multidimensional scale to ensure consistency of evaluation and 
comparison. Further, a relative weighting value is assigned to each attribute 
which aids in the ordering of all relevant solution attributes. This ordering 
implies that some attributes a re  more important than others and therefore 
should carry greater emphasis. Table A-3 summarizes and correlates the 
relevant solution attributes, dimensional scales, value ranges, threshold 
values, and sensitivity data associated with the SAL decision situation. An 
inspection of the emphasis coef€icient column on Table A-3 shows that the 
NASA Contractual Obligation and Cost criteria a re  far more important than 
the Launch Storage Area criteria. It may be stated that the preceding criteria 
play a dominant role over the latter criteria, and relegates the latter criteria to 
such a minor level of importance that it has little infiuence in the decision 
making process when these two attributes a re  campared. The Launch Storage 
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Area criteria were not eliminated from the decision making process because 
they play an important evaluation role with respect to other design and 
operational criteria, but at a much lower level of consideration. 

The nature of the SAL problem situation suggests that the decisions 
be classified according to a choice between ends ( alternate value system) 
rather than means ( alternate physical system) ; that is, to investigate the 
conditional statement of "Alternative A is preferred over Alternative B" 
because of its greater value. The ends, however, cannot be chosen indepen- 
dently of the means. The ends a r e  classified according to their relation in a 
piece of reasoning [ 51. An end is valuable because it has intrinsic value and 
it is capable of arousing desire or appreciation. The value of a means depends 
upon its relation to an end: "Subsystem A is a means to Subsystem B, if A 
results in or  causes B". This is a concise way of stating that the SAL subsystem 
solution attributes, once chosen, determine the design of an alternate system, 
or  at the very least, influence its overall design. 

The utility of a given solution attribute may be expressed as  a mathe- 
matical function that can be extrapolated into a curve. Utility curves were 
not extablished for the SAL problem situation because such curves could not 
be fully relied upon as  representing actual solution attribute worth. The con- 
struction of the utility curve usually involves the amalgamation of many 
technical, managerial, and operational value imputs that are  provided by the 
experts. It is evident that a greater expenditure of time and manhours would 
be required to translate the utility functions into curves. Instead, relative 
utilities were established for each solution attribute and a re  provided as input 
to the decision algorithm as opposed to the actual utility curves and values. 
The relative utilities can be easily estimated with a reasonable degree of 
confidence. Moreover, where uncertainty exists in estimating the relative 
utility for a given attribute, it may be so noted by the assignment of a quantified 
number. 

Table C-I  presents an emphasis coefficient ranking worksheet that 
shows the assignment of preference between solution attributes by appropriating 
numerical values per cell. The numerical values a re  a measure of utility 
between the solution attributes and indicate how the assignee feels about the 
relative value per solution attribute. The worksheet format delineates rows, 
columns, and cells. Fourteen solution attributes a re  listed (rows A through 
N) . Likewise, fourteen decision columns ( A  through N) a re  listed and cor- 
respond to the attributes given in rows A through N. The solution attribute . 
noted in row A is the same for column A. 
remaining rows and columns. A cell is formed where a row and column 

The same convention is used for the 
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intersect. Each cell is divided into an upper and lower triangular portion. The 
upper portion is used by registering a relative utility importance score between 
a pair of succeeding solution attributes, while the lower portion is used for 
denoting a decision uncertainty score between the same pairwise attributes. 
The utility interval used for the ranking of solution attributes is [ 0, I]. If 
uncertainty is inherent in a decision situation, then the utility score is propor- 
tionally assigned among three constituent parts; that is the two solution attri- 
butes under consideration and the uncertainty associated with the attributes. 
Table C -2 presents the solution attribute emphasis coefficient ranking work- 
sheet data in a processed automated format. Table C-3 presents the emphasis 
coefficient ranking of the relative utility per attribute and the uncertainty 
associated with the attribute. 

SYNTHES IZE SOLUTION ALTERNATIVES 

Four solution alternatives were considered as possible candidates for 
resolving the SAL decision problem and are  denoted at the beginning of 
Table A-4. 

THE EVALUATION OF THE CAN D I DATE 
SOLUTION ALTERNATIVES 

A t  this point, the SAL solution attributes and alternatives are combined 
and evaluated for  expected performance, design compatibility, expected worth, 
and the impact of intangibles such as  NASA Contractual Obligations and Cost. 
A trade-off study was conducted for the purpose of clearly defining and com- 
paring the merits of the solution alternatives. 
solution attributes , associated with the alternatives , were carefully analyzed 
to establish their responses with the minimum, average, and maximum per- 
formance threshold values (Table A-3, columns 2 and 3). Normally, the 
values derived from the response analysis for each candidate alternative 
would be referred to the appropriate solution attribute utility curves for the 
purpose of acquiring a set of utility numbers for each alternative. However, 
the approach used for establishing the relative utility (application of utility 
curves) for a solution attribute was  not. employed in this instance. (Refer to 
the explanations in I'Rank Solution Attributes and Obtain Utility Curveii as stated 
above. 1 Instead, the relative utilities for the alternatives a re  estimated by 
using the preference ranking technique as previously described. Once again, 
the closed interval of [ 0,  I] is used, but this time for ranking the solution 

(See Table A-4. ) The explicit 
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alternatives and associated attributes. Table C-4 presents a series of system 
comparison trade-off evaluation worksheets that show the assignment of pref- 
erence ( ranking) between the solution attributes and the candidate alternatives. 
Table C-5 presents the system comparison trade-off ranking worksheet data 
in a processed automated format. 

ANALYZE ALTERNATiVE SOLUTIONS FOR 
ADVERSE CONSEQUENCES 

Before choosing a SAL solution alternative that safisfies the decision 
criterion, it becomes necessary to review and analyze the solutions for 
adverse consequences. Further, it becomes necessary to define the states 
of nature associated with actions to be taken. Pursuant to the SAL decision 
problem, the states of nature a re  defined as: (I) MSFC will accomplish the 
SAL modification and installation task, and ( 2) an aerospace contractor will  
accomplish the SAL modification and installation tasks. The actions to be 
taken may be defined as choosing a SAL installation at: ( I) alternate position 
I, located on the STS (on-axis) ; (2)  alternate position 2, located on the STS 
( off-axis) ; ( 3) alternate position 3, located on the MDA (on-axis) ; and 
(4) alternate position 4, located on the MDA (off-axis) . It will be recalled 
that the SAL problem situation was s o  structured that the engineering and 
operational performance threshold values were to be maximized while cost 
and time were to be minimized. The objective is to choose a set of decision 
elements (an action and a state of nature) that best meets the decision 
criterion. By combining a given action with a given state of nature, it is now 
possible to isolate and identify the relative level of r isk or  expected utility, 
and the probability of sucess associated with that decision. Morever, it is 
judicious to examine how the decision choice (consequences or outcomes) 
might affect the customer's philosophy. The SAL decision problem may be 
resolved as  having four alternative acts and two possible states of nature, 
thus resulting in eight consequences ( Table A-5).  

Inspection of Table C-3 shows that the first seven solution attributes 
greatly influence the decision outcomes of performance, cost, feasibility, 
and time for each candidate alternative. The solution attributes may also be 
considered as  r isk criteria; i. e. , what might be considered as a probable 
loss if the selected SAL position cannot fulfill its objectives and goals. The 
critical r isks associated with the SAL problem situation a re  specified as 
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engineering feasibility, operational performance , capital , time , and responsible 
management philosophy. Further , it is necessary to estimate the probability 
of success for a selected SAL decision consequence ( C..) with respect to the 

objectives and goals. Such an estimate provides the evaluator with an insight 
into the feasibility of satisfying the decision criterion. 

9 

It is now possible to specify the consequences for a selected act and a 
corresponding state of nature ( Tables A-6 through A-13) . Inspection of 
Table A-I4 shows that outcomes Cl2 and Cll have the greatest chance of success 
while C41 and C42 have the least chance of success. This estimate of success 
is based on a subjective consideration that the solution attribute of NASA Con- 
tractual Obligations and Cost will ultimately sway the final decision to choose 
either Clz or (322. This fact does not invalidate the decision input data. On 
the contrary, the decision input data ( solution attributes and alternatives) 
permit the evaluator to consider all relevant facts and how those facts might 
be manipulated. The fact that the present location of the A A P  experiment 
structural framework assembly for T-017 and T-021 severely impacts the 
AAP-3/AAP-4 mission requirement, if SAL alternate position 3 or 4 is 
selected, does not invalidate the decision analysis , but rather identifies an 
acute problem area. This problem could possibly be resolved by relocating . 
the T-017 and T-021 experiment framework structure to a different location, 
say closer to SAL alternate position 4, then the probability of outcomes C41 and 
Cd2 succeeding would greatly increase while those of C,, and CI2 would be 

,materially reduced. The probability of success for any given outcome is really 
a subjective measure of how the evaluator feels about consequences influencing 
the final discision. 

THE SELECTION OF A SOLUTION ALTERNATIVE THAT SATISFIES 
THE DECISION CRITERION 

The merit  scores and uncertainties for each competitive solution 
alternative are calculated by using the decision algorithm and are  presented 
in Table C-6. Inspection of Table C-6 illustrates that SAL alternate position 
4 is the first choice, while merit  choices 2 and 3 are allotted to SAL alternate 
positions I and 2. An apparent conflict exists between Tables C-6 and A-14. 
An analysis of this fact shows that the algorithm decision input data were 
heavily weighted in favor of SAL alternate position 4. This would not be unusual 
for this particular decision situation. The interpretation of the decision data 
clearly indicates that the advantages of minimum cost, minimun engineering 
modification effort, minimum impact to A A P  mission schedules, and no 
interfacility transportation requirements slightly outweighed the inherent A A P  
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intangibles such as NASA Contractual Obligations and. Cost which wil l  undoubt- 
edly play an important role in the final decision choice. It is necessary to 
review Tables C-6 and A-14 and put them in the proper perspective before a 
final decision choice is recommended. Table C-6 shows that there is only a 
slight difference between ranked alternatives 1 and 2. However, Table A-14 
shows that outcomes Ci2 and Cli greatly exceed the chances of success of Cdi 
and C42. The interpretation of these facts indicates that SAL alternate position 
1 is really a better choice than alternate position 4. It must be remembered 
that the selection of SAL alternate position 1 can better fulfill the decision 
criterion (although at a substantially higher cost) e It is obvious that SAL 
alternate position 4 can minimize cost and time while maximizing expected 
engineering value, but cannot maximize operational value. Further, SAL 
alternate position 4 cannot support AAP- 3/AAP-4 experiment mission require- 
ments, whereas SAL alternate position I can support the mission experiments. 
It is also anticipated that MSFC will  select an aerospace contractor who is 
familiar with the AM/STS structural module to perform the SAL modification 
and installation effort, because such a contractor would already have contrac- 
tual obligations with NASA for providing AM/STS engineering and manufacturing 
support services. 

It is recommended that SAL alternate position 1 be selected as the first 
choice, and SAL alternate position 2 selected as a second choice. If the T-017 
and T-021 experiment framework structure assembly can be relocated near 
SAL alternate position 4, or  deleted from the mission requirement, then choose 
SAL alternate position 4. 

CONCLUSIONS 

The decision model and algorithm, as presented in this document, 
offers both the engineer and manager an orderly methodology for making complex 
decisions based on tangible facts, considered opinions , and intangible consider- 
ations. The methodology is so structured that consistency is maintained 
between the facts, opinions , and considerations. The technique contained 
herein reduces complex decision problems and situations to component elements 
that are easily managed. Each component element is evaluated in terms of 
value by either establishing a point on a utility curve or ,  as used in Appendix 
A , estimating the relative utility between two component elements ( solution 
attributes and solution alternatives) . Consideration is given to the selected 
actions and states of nature for  a particular decision outcome, and its con- 
sequences. Finally, the decision model and algorithm display the relevant 
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data in such a fashion that the decision maker knows what information is missing, 
where his critical r isks lie, what criteria is salient, and what courses of 
action may be selected with a high degree of confidence. 

Pursuant to the sample decision problem contained in Appendixes A 
through C,  it is recommended that alternate position 1 be chosen to resolve 
the SAL modification, installation and A A P  mission operational requirement 
problems. This choice is based on the premises that alternate position 1 
best satisfies the decision rule, stated as  the primary objective, and has the 
greatest probability of success. 

Invaluable experience was gained while using the decision model and 
algorithm on the above practical engineering problem. On a number of occasions 
the user. attempted to make a rational decision concerning the optimum choice 
location of the SAL, but was thwarted. It was  found that the user's ranking of 
solution attributes was  sometimes inconsistent , or inadequate information was 
biasing the decision choices, or  excessive importance w a s  placed on a solution 
attribute that was  relatively unimportant, etc. Once the above problems were 
resolved, the decision maker could proceed with the formulation of a rational 
decision. The decision model and algorithm is an unforgiving analytical tool 
that forces the user to maintain consistency of choices, consider the conse- . 
quences of the decision before it is implemented, and become cognizant of the 
veracity of the information on which the decision choices are formulated. 
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TABLE A-4. DECISION ANALYSIS AND EVALUATION WORKSHEET 

Matrix of 

Hcquircmcnt :and Decision Criteria I SAL Alterxitc Position No. 1 

Proposed location: secured to the inner wall 
structure of the AM at position 1 (coinciden 
tal with respect to the -Z  and X axes) of 
the STS at  MSFC Station 1858. 569. 
Fig. A-1.) The SAL exterior door would be 
oriented to open perpendicular to the Z axis 
but parallel to the X-Y axes. 

(See 

I 
Modification of the Structure The MDA is interfaced to the AM/STS struc- 

ture a t  MSFC Station 1882.069. To prepare 
the STS for structural modification, the 
longitudiial and radial mobility aid handrails 
and radiator assembly, mounted external to 
the MDA and STS, must be removed. All 
system interconnecting lines and cables a t  
MSFC Station 1882.069 must be disconnected 
MDA/STS interface pressure seals broken, 
MDA/STS bulkhead field splice fasteners 
disengaged, and the above structural section 
separated physically. Heavy duty handling 
equipment and transporters will be required 
to support the disassembly effort. 

A cursory analysis of the STS structure 
shows that the SAL, if mounted horizontally, 
can be fitted between the intermediate struc- 
tural rings a t  Stations 15. 666 and 31. 332 
(Fig. A-2). The SAL oriented in this man- 
ner should fall between the intercostal tee 
stringer sections and clear the webbing. A 
cutout in the STS pressure skin would have t( 
be provided for the SAL at position I. Addi- 
tional STS rework will be required to pro- 
vide a structural pressure skin. Any systen 
car r ie r  lines (electrical, pressurization, 
eto. 1 passing through the immediate area 
affected by the modification must be reroute( 
Proper sealing of the reworked area and 
pressure testing to determine the integrity 
of the STS structure will be required. 

It is anticipated that the AM contractor's net 
cost for modifying the STS structure is cal- 
culated at $209,0GO. 00, o r  approximately 
36 percent less than the normalized case a t  
alternate position 2. All costing data for 
Appendix A is  detailed and submitted in 
Appendix B, Tables B-1 through B-5. The 
oost pricing figures presented therein 

SAL A&?;n,i& P o s . o n  No. 2 

Proposed location: secured to the inner wal 
structure of the AM, centered 45 degrees 
between positions 1 and 2 ( off-axis) of the 
STS at  MSFC Station 1858. 569. (See Fig. 
A-1. ) The SAL exterior door would be ori- 
ented to open perpendicular to the z axis, 
but parallel to the X-Y plane. 

The interface and handling problems that 
were defined f o r  alternate position 1 are  
identical for alternate position 2. The s t rw 
tural modification problems that were out- 
lined for position 1 will be similar for posi- 
tion 2. It should be easier,  however, to 
modify the STS s tmotwe since a window cut 
Gut has already been made, and greater 
clearance between intercostal tee stringer 
sections will offer less chance of SAL moun 
ing interference. Again, i t  w i l l  be neoessai 
to seal the reworked area,  and pressure 
test the STS structure for integrity. 

It is  anticipated that the AM contractor's ne 
cost for modifying the STS structure would 
be $327,600.00. 

lternntives 

SAL Alternnte Position No. 3 

Proposed location: secured 10 the inner wal 
jtructurc of the AIM directly belot,, docking 
iort 1 tcoincidentnl with respect 10 the - %  
and S nxesl at .\lSFC Swrion 1847. 069. ,St.< 
Fig. A-1.) 'The SAL exlerlor door wadd be 
mcnred LO open perpendicular 10 the 2 w s ,  
3u1 pirailel IO the X-Y axes. 

The MDA is interfaced to the AM/STS Struc- 
ture. 
modification, the longitudinal and radial mO. 
bility aid handrails and the radiator assembl 
[mounted external to the MDA and STS) muf 
be removed. Only a minimum of heavy duty 
handling equipment will be required to sup-  
port the radiator disassembly effort. 

Examination of Reference 29 (sheet 4) in- 
dicates that the SAL can be located a t  MSFC 
Station 1947.069, and optimally oriented in 
the horizonel position. It is  intended that tl 
SAL be centered with respect to the X-2 
plane, thus clearing all MDA longitudinal 
stringers and circumferential bellframes in 
the immediate panel area. A cutout in the 
MDA pressure vessel walls and additional 
structural rework to provide a framework 
support bracket for the SAL will be requirec 
Proper sealing of the reworked area and 
pressure testing to determine the integrity ( 
the MDA structure will be required. 

If NASA were to implement the modification 
to the structure a t  MSFC for alternate posi- 
tion 3, the net cost is calculated a t  
$172,680.00, or approximately 47 percent 
less than the normalized case a t  alternate 
position 2. If a contractor were to undertak 
the a b w e  structural modification at  their 
facility, then the net cost is  calculated at  
$233,150.00, or approximately 28 percent 
less than the normalized case at alternate 
position 2. A cost comparison between a 
contractor's figures and NASA figures could 
indicate that the latter can accomplish the 
task for $60,470.00 less than the contract0 
This represents a 26 percent oost savings tc 
NASA. 

To prepare the MDA for structural 

SAL Alternate Position No. 4 

Proposed location: secured to the inner wall 
structure of the MDA, centered 45 degrees 
between docking ports 1 and 2 ( off-axis) at  
MSFC Station 2027. 069. 
The SAL exterior door would be 
oriented to open perpendicular to the Z 
parallel to the X-Y plane. Alternate position 
4 is in fact the present location of the SAL 
a s  attached to the MDA per technical Referem 
29 (sheets I and 2). 
this decision example, position 4 shall be 
considered as an alternate location for  the 
SAL, 

The MDA is interfaced to the AM/STS struc- 
ture. No special preparations or GFE hand- 
ling equipment will be necessary to modify 
the MDA structure, if it i s  done a t  MSFC. 
No disassembly of major MDA or STS com- 
ponents would be required. 

If the SAL is oriented vertically to the MDA 
wall, it can be adequately mounted and 
aligned. The SAL would be located near 
MSFC Station 2027.069, and centered 45 de- 
grees between the -Z  and +Y axes. 
orientation and location should clear all  MDA 
longitudinal stringers and interfering circum. 
ferential bellframes in the immediate panel 
area.  A cutout in the MDA pressure vessel 
walls, and additional structural rework to 
provide a framework support braoket for the 
SAL will be required. Proper sealing of the 
reworked area and pressure testing to deter- 
mine the integrity of the MDA structure will 
be required. 

If a contractor were to implement the modi- 
fication of the MDA structure at  their facil- 
ity, the calculated net cost would be 
.$224,770.00, or approximately 31 Percent 
less than the normalized case as given in al- 
ternate position 2. If, however, MSFC were 
to implement the above structural modifica- 
tion, then the net cast  is calculated a t  
$176,010.00, or approximately 46 Percent 
less than the cost expended for the normal- 
ized case. A comparison of cost differential 
between the contractor and NASA shows that 
the latter can save $48,760.00 if it accom- 
&shes the task in-house. This would result 
in a 22 percent cost savings to NASA. 

(See Fig. A-1. ) 

For the purpose of 

This 
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Iici~iiiremCnt and Decision Criteria SAL .Altern;itc Position No. 1 
~ 

represent considered judgements based upon 
past contract pricing practicis,  experience, 
and reasonable approximations. The cost 
prioing figures a r e ,  however, not to be oon- 
strued a s  official NASA cost quotations. 

iadiator Modification The STS/MDA external radiator assembly 
must be modified if the SAL i s  located at  al- 
ternate position l. A minor struotural out- 
out would have to be provided in the radiator 
walls, and rerouting of car r ie r  tubing arouni 
the SAL installation would have to be made. 
Additional stand-off fittings would probably 
be required to support the modified structuri 
and rerouted tubing. No major structural re 
work is anticipated. 

I t  is anticipated that a contractor would 
charge NASA $94,660.00 to modify the radi- 
ator. This figure represents approximately 
42 percent less net cost as compared to the 
normalized case at alternate position 2. 

ielocatian of Internal Hard Mounted 
zquipment 

Analysis of technical Reference 31 shows tha 
the quantity of equipment in alternate positio 
1 is heavy. The molecular sieve assembly 
is presently located in the STS section with 
an overall width of about 28. 41 inches. The 
sieve assembly is mounted perpendicular to 
the STS interior wall structure with most of 
the assembly aligned symmetrically to the 
-Z axis. The molecular sieve assembly 
would have to be relocated in order to provic 
room for mounting the SAL at position 1. 
The likelihood of system pressurization lines 
electrical cables, life support systems, or 
mobility aids and handrails interfering with 
the location of the SAL at this position is 
small. Complete and up-to-date informatior 
concerning the above equipment location in 
the STS was not readily available. 

It should be understood that the location of 
experiment storage packages, equipment, 
and lines in the STS are  not finalized at this 
time. It is anticipated that some experimen 

Matrix of Aitern;itivcs 

SAL Alter":& Position No. 2 

h l y  minor structural rework of the radiator 
gall assembly is anticipated if the SAL i s  
ocated a t  alternate position 2. A cutout pro 
ision in the radiator wall structure has al- 
,eady been made for the STS windows. No 
erouting of radiator car r ie r  tubing is ex- 
ected. Probably additional stand-off fitting 
r i l l  be required to support the modified 
,tructure near the SAL installation. Mini- 
num radiator modification would occur unde 
his decision criteria. 

:he'expeoted net cost to NASA for the modi- 
ication of the radiator by a contractor is 
dculated a t  $163,800.00. 

review of Reference 31 reveals that the 
lantity of equipment in alternate position 2 
light. Only two unidentified storage con- 

iners are shown directly adjacent to alter- 
kte position 2. The storage containers muat 
D relocated within the STS or MDA. Once 
e containers m e  removed adequate STS wall 
ou t ing  area for the SAL i s  available. 

eference 31 does not specify Bn STS window 
illout 45 degrees clockwise from the CY 
cis a s  was defined in Reference 32. Further- 
ore, i t  should be noted that if the 45-degree 
rs windown position u'ere used f o r  locating 
e SAL, then the T-027 experiment photom- 
er extension rod canister would interfere 
ith the WA suit coolant module when inter- 
ced to the SAL. Either the IVA suit coolant 
odule would have to be relocated, or the 
\ L  would have to be relocated 35 degrees 
om the -Z axis (in the direction of the +Y 
cis) to clear the photometer canister assem- 
y. A third alternative woultl be to reduce 

SAL Alternate Position No. :: 

t SAL alternate position 3 were chosen, the 
he radiator assembly external to MSFC Sta- 
ion 1947.069 must be modified. A struc- 
ural cutout would be needed in the radiator 
talls, and rerouting of car r ie r  tubing a r o m  
he SAL would be made. Additional standoff 
ittings would probably be required to suppoi 
he modified structure and rerouted tubing. 
h ly  minor structural rework to the radiatoi 
s anticipated. 

The anticipated net cost to modify the radia 
tor for NASA by a contractor i s  calculated 
at  $104,280.00, or  approximately 36 per- 
cent less expense a s  compared to the nor- 
malized case. The same task a s  described 
above would cost NASA $91,900.00 if they 
were to accomplish the job at  MSFC. This 
figure represents a cost savings of approxi 
mately 44 percent a s  compared to the nor- 
malized case. A comparison of cost dif- 
ferential between the contractor and NASA 
shows that the latter would stand to gain 
$22,380. 00, or a 12 percent savings if the 
job were accomplished a t  MSFC. 

S.\L .\itCrniltU Position No, 1 

10 radiator modification would be required i 
le SAL is located at  alternate position 4. h 
ost  is  incurred by NASA or a contractor. 
'he radiator assembly does not extend beyor 
IDA Station 1962.749. 

The quantity of equipment in alternate POSi- 
tion 3 i s  moderate. The MDA upper equip- 
ment storage boxes for  experiments M-508 
and M-487 must be removed and relocated. 
The upper mobility personal equipment 
storage bay must be relocated. (Refer to 
MDA position 1, Reference 29, sheet 4.) 
The relocation of the above boxes and bay 

The quantity of equipment in alternate posi- 
tion 4 is light. There are six experiment 
storage boxes in the immediate vicinity. Tt 
largest of the storage boxes i s  the T-013 
Crew Disturbance package. This package ia 
located below the proposed location of the 
SAL. It is  anticipated the storage box T-01. 
a s  well as the others on the adjacent MDA 

area is necessary for the provision of a 
mounting space for the SAL. No MDA intei 
ior system pressurization lines, electrical 
cables, life support systems, or mobility 
aids and handrails a re  to be affected by the 
locating of the SAL to this position. 

I t  may be necessary to restow MDA experi. 
ment storage boxes M-487 (two each) and 
the lower M-508 package to some other 
position in the MDA when using the SAL. I 
the astronaut can easily gain  cess to the 
SAL during experiment operations, it may 
not be necessary to restow the above boxes 

wall mounting panel, will not interface with 
or impede the astronaut's operation of the 
SAL. 

It has been reported that MDA experiment 
storage package T-027, located below the 
proposed SAL installation and next to storag 
package T-013, may be deleted from the 
MDA. It is obvious that the locations of 
MDA been finalized. experiment storage packages have not 

If NASA were to accomplish the relocation o 
hard-mounted equipment in the MDA a t  
MSFC, the net cost is  calculated at 
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Again,  i t  should be understood that the ioca- 
tion of experiment storage packages in the 
MDA are not finalized at  this time. It is an- 
ticipated that some experiment packages will 
either be relocated o r  deleted from the MDA 
because of changing engineering or mission 
requirements. 

If a contractorwere to relocate the pertinent 
equipment in the MDA (for the provision of 
a SAL mount), the net cost is  calculated a t  
$165,847. 50, or approximately 32 percent 
less than the normalized oase. If MSFC 
were to accomplish the above task. then the 
cost would be $98.280. 00, or approximately 
GO percent less  than the normalized case. 
If NASA were to accomplish the above task 
instead of a contractor, then $67,567. 00 
could be saved by NASA. This figure repre- 
sents a oost savings of approximately 41 

packages, equipment, and lines will either 
be relocated or deleted from the STS becaus 
changing engineering or mission require- 
ments. 

The net o w t  of relocating the hard-mounted 
equipment in the STS is $282,555.00, if a 
contractor were to accomplish this task. 
This cost is  15 percent greater than that 
specified in the normalized case. (See al- 
ternate position 2.) 

$30,712.50, or approximately 87 percent lesl 
than the normalized case. A contractor wouh 
probably charge about $49,140.00 to accom- 
plish the same task. The contractor's esti- 
mate represents approximately a GO percent 
reduced cost as compared to the normalized 
case. Comparing the cost between the con- 
tractor and NASA to perform the above task, 
the latter could save $18,427.50, o r  37 per- 
cent of the expense. 

I 

eflectlon and Outgassing from T-017 
nd T-021 

Alternate position 3 for the SAL would pre- 
sent some problems. 
T-017 and T-021 would be positioned approx- 
imately 100 inches directly below the SAL. 
A distance of 138. 56 inches is caloulated be- 
tween the outboard face of the SAL and the 
outboard end of the framework structure. 
The experiment structural framework and 
paneling should cffer no interference prob- 
lems with the SAL operation, but other AAP 
experiments that must operate through the 
SAL assembly and reach the near proximity 
of experiments T-017 and T-021, for con- 
tamination measurement and collecting pur- 
poses, may not be easily accomplished. In- 
spection of Reference 29 (sheet 21 illustrates 
that approximately 8 to 16 inches of d e a r -  
ance exist between the SAL and the LM 
Structure when docked to the MDA. 
proximity of the abwe modules will more 
than likely cause operational problems for 
AAP-2 and AAP-4 experiments S-018, T-025, 
and T-027 which must operate through the 
SAL. 
long extension rods or devices to be extended 
outward from the Orbital Workshop through 
the SAL. It is anticipated that experiments 
5-018, T-025, and T-027 will interfere with 
the LM structure when operated through the 
SAL a t  alternate position 3. 

The AAP experiments 

The 

These experiments require the use of 

In considering the reflection, outgassing, 
and contamination problems associated with 
alternate position 1,  the A A P  externally 
mounted experiments T-017 and T-021 
panels and structural framework are  posi- 
tioned approximately 11.5 inches directly 
helow the SAL (Bigs. A-3 and A - 4 ) .  A 
distance of 96.75 inches is calculated be- 
tween the outboard face of the SAL and the 
outboard end of the framework assembly. 
Experiments T-017 and T-021, either stores 
or deployed, should offer no interference 
with the SAL or to those experiments oper- 
ating through the Sal assembly. I and structural framework would be deployed 
in such a fashion as LO clear the LM/ATM 
module. 

It is  antioipated that AAP experiments T-01 
and T-021 will not excessively outgas or 
reflect micrometeoroid particles that could 
cause inner compartment contamination or 
damage in the direction of the SAL. The 
design of the SAL is such that the outer dooi 
assemblies, when closed, prwide a posi- 
tive seal against inner compartment contam 
iuation and damage. 
only opened for a relatively short period of 
time (minutes and hours) to support con- 
tamination measurement and miorometeroid 

The panel 

The SAL doors are 

If alternate position 4 is  selected for locating 
the SAL, then similar operational problems 
and interference constraints would apply as 
defined in alternate position 3. AAP experi- 
ments T-017 and T-021 panel and structural 
framework would be located on a horizontal 
plane approximately 180 inches below and 45 
degrees to the right of the SAL, as reference 
from within the MDA. 
inches is calculated between the outboard fact 
of the SAL and the outboard end of the frame- 
work structure. Experiments T-017 and 
T-021 should offer no interference problems 
with the SAL. 

No problems of outgassing, contamination, 
and parcicle reflection (as  defined in alternat 
position 1) are anticipated. 

A distance of 217.0 

Matrix of 

SAL Alternate Position No. 2 

.he photometer extension rod canister size 
(diameter and/or length) to clear the IVA sui 
:oolant module assembly, if the 45-degree 
;TS position were used f o r  locating the SAL. 
Lt is not likely that any system pressurieatior 
lines, electrical cables, life support systems 
>r mobility aids and handrails will interfere 
nith the location of the SAL within a 37.5 to 
$9-degree angular segmentas measured f ron  
the +Y axis. 

The above situation indicates that the require 
ments fa r  the location of experiment storage 
>ackages, equipment, system car r ie r  lines, 
md even obsemation windows within the STS 
I r e  still being analyzed. I t  is  anticipated 
that Some or all of the above items mayeithe 
$8 relocated or deleted from the STS because 
3f changing engineering or mission reqnire- 
ments. 

it is expected that a contractor would charge 
NASA $245,700.00 for relocating the equip- 
ment in the STS. 

Assuming that the SAL were located in alter- 
nate position 2, then the AAP externally 
mounted experiments T-017 and T-021 frame 
work and panel assemblies would be posi- 
tioned on a horizontal plane approximately 
11. 5 inches below and 45 degrees to the righl 
of the SAL, as viewed from within the STS. 
A distance of 121.75 inches is calculated be- 
tween the outboard face of the SAL and the 
outboard end of the framework structure. 
Experiments T-017 and T-021 should offer n, 
interference problems with the SAL, or with 
those experiments operating through the SAL 
assembly. The experiment panel and struc- 
tural framework would be deployed in such a 
manner as to clear the LM/ATM module and 
SAL. 

No problems of outgassing, contamination, 
and particle reflection (as  defined in alter- 
nate position I1 are anticipated. 

Iternntivcs 

SAL A1tern;ito I'osLtion No. :I I Sz\L ,\itcrnntc Position No. 4 



Raquirament and Decision Criterin SAL Alternate Position No. 1 

ear  Control Station 

SI\L Alternate Position No. 2 

AL Extension Rod Clearance Three A A P  measurement and collection ex- 
periments a re  expected to be operated 
through the SAL in support of several AAP- 
experiments. Experiment S-018 is per- 
formed during both AAP-2 and AAP-4 
missions. Experiments T-025 and T-027 
a r e  performed during AAP-2, AAP-3, and 

TABLE A-4. ( Continued) 

It i s  assumed that two unidentified storage 
containers, located in the STS between the - 
and iY axes, have been relocated, and that 

Matrix of Altcrnntivas 

AAP-4 missions, hut support primarily the 
AAP-4 mission. 

adequate clearance exists between the T-02' 
photometer canister and the IVA suit coolan 

collection experiments. Those AAP experi- 
ments that are operated through the SAL for 
measurement and collection purposes would 
offer no contamination to experiments T-015 
and T-021. 

The major outgassing flux is expected to be 
from the 5 psi  atmosphere contained within 
the Orbital Workshop. Any outgassing of 
atmosphere or unexpected contaminants, 
trapped or vented, a s  measured against the 
Orbital Workshop flux would be negligible. 

When using the Lunar Module RCS packages 
both the T-017 and T-021 experiments and 
SAL would be retracted, closed, and sealed 
against exhaust contaminants. 

It is anticipated that the glide-slope indica- 
to r  will be remotely located from the SAL 
control station, A l l  essential instruments 
and levers that a re  used to operate and con- 
trol the SAL a r e  designed into the assembly 
It has been assumed that the glide-slope in- 
dicator shall he mounted on the MDA dockin 
station panel. The MDA docking station 
panel location has not been finalized and is 
to be determined ( TBD) . For the purpose 
of this study, the MDA docking panel i s  
assumed to be located a s  shown in Figure 
A-5. I t  is calculated that a line-of-sight 
distanoe from the control panel assemhly to 
the inboard face of the SAL is approximatel: 
153 inches. 

I t  is  expected that the astronaut would have 
work clearance and light to operate and read 
the SAL control station systems during 
mission test operations. If a readout of the 
glide-slope indicator is required then the 
astronaut must obtain this information hy a 
communications link between the Command 
Pilot in the CSM, o r  a crew member located 
next to the MDA docking station panel. 

The comments expressed for alternate posi- 
tion 1 apply for alternate position 2 in the 
STS, except the line-of-sight distance is cal 
culated a t  159 inches between the inboard fat 
of the SAL and the MDA docking control 
panel. 

The same AAP experiments, 88 defined in 
alternate position 1, would be interfaced wi 
the SAL in alternate position 2. 

SAL Altemitc Position No. :I 

o problem of outgassing, oontamination, 
id particle reflection (as defined in alter- 
xte posltion 1) are anticipated. 

'onsidcring alternate position 3, the glide- 
lope lndic3IOr IS m l l  remote from thc SAL 
ontrol sration. but much closer and access 
s easier I Fig. A-5. , The same comments 
s expressed for alternate positions 1 and 2 
is0 apply for lhe LIDA. 

'he same AAP experiments, as defined in 
lternate position 1, would be interfaced wit 
he SAL in alternate position 3. 

t i s  assumed that MDA upper equipment 
.torage boxes for experiments M-508 and 
6-487 have been relocated, and that the 
ipper mobility personal equipment storage 
bay is also relocated. It is  also assumed 

S.\L A1tom:ttc Position No. 4 

Vith respect to alternate position 4, the glide 
lope indicator is  st i l l  remotely located from 
he SAL control station, but is  considered to 
,e closer and easier to gain access to than 
ny of the other alternatives. It i s  calculate1 
hat a line-of-sight distance from the MDA 
ontrol panel to the inboard face of the SAL i 
:pproximately 46. 25 inches. If the glide- 
;lope indicator can be oriented on the MDA 
locking station panel to prbvide a line of 
.isual sight to the astronaut, then the requiri 
nent of locating the glide-slope indicator 
tear the SAL control station can be adequate! 
net. A l l  essential instruments and levers 
hat are used to operate and control the SAL 
Lre designed into the assembly. 

The same AAP experiments, as defined in 
alternate position 1, would be interfaced 
with the SAL in alternate position 4. 

Analysis of Reference 29 shows that wben 
the T-027 photometer extension rod caniste 
is attached to the SAL, physical interferenc 
is established behveen the canister assembl 
and experiment S-069 storage package. Thi 
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Hcnuiroment and Decision Criteria 

rew Obstructions 

SAL Alternate Position No. 1 

It i s  assumed that the molecular sieve has 
been relocated in the STS, thus permitting 
the mounting of the SAL at alternate position 
1. An additional 24 inches of mechanical 
extension rod will extend beyond the T-027 
photometer canister when the oanister is  
mounted to the SAL. I t  is anticipated that 
experiments 5-018 and T-025 will require 
similar extension rad lengths ( 36 inches 
maximum) to be assembled within the STS 
interior and pushed out the SAL assembly by 
the astronaut. Adequate extension rod clear 
ance is available, and no equipment or astro 
"aut interference problems are anticipated 
for the interior of the STS. 

No meohanical interference problems are  
anticipated for the operation of the extension 
rod from the SAL outboard of the STS. 

When the T-027 experiment photometric ex- 
tension rod canister is interfaced to the SAL 
a t  alternate position 1, i t  offers a greater 
astronaut crew obstruction than if It were 
mounted on the SAL at alternate position 2. 
It is anticipated that an additional 24 inches 
of extension rod will be extended beyond the 
end of the photometric canister assembly, 
thus offering even greater crew obstruction 
within the STS (Fig. A-6) . 
Astronaut working clearance and ease of 
maneuverability a t  position 1 will be greater 
than for position 2. The overall astronaut 
working clearance and ease of maneuver- 
ability in the STS as compared to the MDA 
will be somewhat less ,  however. The bulk 
size of equipment (molecular sieve, IVA 
suit coolant module, ECS storage canister, 
control panel, and condensate control unit) 
located in the STS Section, a s  well as the 
storage packages, a r e  expected to limit the 
astronaut's ability to work at  ease and ma- 
neuver freely. 

Matrix 01 

SAL Alternate Position No. 2 

module to permit the interface of the canisti 
to the SAL. It i s  further assumed that the 
above equipment is relocated in Such a man- 
ner that it will not interfere with the SAL 
extension rods. 

An additional 24 inches of mechanical exten. 
sion rod will extend beyond the T-027 photo. 
meter canister. Similarly, experiment8 
S-018 and T-025 will require extension rod 
lengths ( 36 maximum) to be assembled 
within the STS interior and pushed out the 
SAL assembly. Adequate extension rod 
clearance is  available, and no equipment o r  
astronaut interference problems are antici- 
pated for the interior of the STS. 

NO mechanical interference problems are 
anticipated for the operation of the extensioi 
rod from the SAL outhoard of the STS. 

See comments made under alternate posi- 
tion 1. 
alternate position 2 will be even more con- 
strained than was defined in alternate 
position 1. 

The astronaut working clearance foi 

lternntivos 

SAL Alternxte Position No. :I 

that the above storage boxes are relocated in 
such a manner that they will not interfere wit 
the SAL extension rods. 

An additional 24 inches of mechanical exten- 
sion rod will extend beyond the T-027 photo- 
meter canister. Similarly, experiments 
S-018 and T-025 will require extension rod 
lengths ( 3 6  maximum) to be assembled 
and pushed out the SAL assembly. Adequate 
extension rod clearance is available, and no 
equipment or astronaut interference problem 
are anticipated for the interior of the MDA. 

It is anticipated, however, that the extension 
rad operational support requirements for 
A A P  experiments S-018, T-025, and T-027 
cannot be met. Approximately 8 to 16 inches 
of clearance exist between the SAL and the 
LM structure when docked to the MDA. The 
proximity of the MDA and LM structures wil 
interfere with the extension rods. The exten 
sion rods cannot be readily extended outwart 
from the I D A  when operated through the 
SAL. 

When the T-027 experiment photometric ex- 
tension rod canister is  interfaced to the SAL 
a t  alternate-position 3, it offers a greater 

astronaut crew obstruction than if it were 
mounted on the SAL at alternate position 4. 
AS was anticipated in alternate position 1, I 
additional 24 inches of extension rod is ex- 
pected to extend beyond the canister 
assembly, thus offering greater crew ob- 
struction within the MDA (Fig. A-7) .  

The aatronaut working clearance and ease of 
maneuverabiiity a t  position 3 will be greater 
than for alternate position 4. The overall 
astronaut working clearance and ease of 
maneuverability will be somewhat greater in 
the MDA than in the STS. 

S.!L Altcrnnte Position No. 4 

L O G 9  experiment storage package (located 
iirectly above MDA docking port 2) must be 
relocated to clear the canister and SAL ex- 
.ension rods. 

4n additional 24 inches of mechanical exten- 
sion rod will extend beyond the T-027 photo- 
meter canister when the canister is inter- 
laced to the SAL. It is anticipated that 
axperiments 5-018 and T-025 will require 
similar extension rod lengths ( 36 inches 
maximum) to be assembled and pushed out 
,f the SAL assembly. With the S-069 exper- 
iment storage package removed, adequate 
sxtension rod clearance w i l l  be made avail- 
Lble. No equipment o r  astronaut interfer- 
:me problems a r e  expected for the interior 
If the MDA. 

It is  anticipated that AAP experiments S-Olf 
I'-025, and T-027 will experience the same 
operational interference problems as were 
lescribed in alternate position 3. 

See comments made under alternate position 
number 3. 



TABLE A-4. ( Continued) 

Wall Area Consumed by SAL 

Launch Storage Area Available 
Over SAL 

Transportation 

I ltewirernent nntl Decision Criteria 1 SAL Aiternxte Position No. 1 

Approximately 315 in. of STS interior wall 
surface area would be consumed by locirting 
the SAL at alternate position 1. It i s  esti- 
mated that the overall SAL length and width, 
including mounting bracket, i s  21 inches by 
15 inches. With the experiment T-027 pho- 
tometer extension rod transfer canister 
attached to the SAL, a maximum X-Z plane 
cross-sectional area of approximately 380in. 
i s  calculated. The alignment of the canister 
i s  coincidental with the -Z axis and extends 
approximately 40 inches into the STS (Fig. 
A-6). 

Approximately 196 in. of storage area i s  
available directly over the SAL, after the 
molecular sieve i s  relocated (Figs.  A-E and 
A-91. It is anticipated that the storage area 
would be cleared after Orbital Workshop 
activation thus minimizing the chanoe of ob- 
struction, and providing maximum astronaut 
working clearance in the STS at  alternate 
position 1. 

It is anticipated that the net cost of shipping 
the STS/MDA to and from a contrador 's  
facility would be approximately $81,900.00. 
Ail necessary support equipment for the 
handling, shipping, and ensuring the struc- 
tural safety of the STS/MDA is expected to 
be available. 

Approximately 325 in. of STS interior wail 
surface area would be consumed by locating 
the SAL at alternate position 2. It is esti- 
mated that the overall SAL length and width, 
including mounting bracket, is 21. 3125 
mches by 15.250 inches. Approximately 
380 in.' is  calculated for the T-027 pbotom- 
eter extension rod transfer canister cross- 
section when attached to the SAL. 
>hatometer canister is aligned parallel to the 
-Z axis, but perpendicular to the X-Y piane 
(Fig. A-61. 

The 

Approximately 315 in. of the MDA interior 
wall surface area would be consumed by 
locating the SAL at alternate position 3. Ap- 
proximately 380 in. is calculated for the 
T-027 photometric canister cross-section. 
The oanister assembly is coincidental with 
the Z axis and extends approximately 40 
inches into the MDA (Fig. A-71, 

Mntrix of A1tern:itiws 

SAL Alternate Position No. 2 SAL A1tern;itc Position No. :j 

I 

Refer to comments made for alternate posi- 
tion 1. The same dimensional clearance 
exists for storage area above the SAL, after 
two unidentified storage packages a re  
removed from alternate position 2 and re- 
located. (See Reference 31.) 

No useful storage area is available over the 
SAL when located at alternate position 3. TI 
MDA docking port 1 structural ring assemhli 
i s  approximately 8 inches from the top of the 
SAL assembly. . 

It is anticipated that the net cost of shipping 
the STS/MDA to and from a contractor's 
facility should be the same as alternate. 
position 1 seieotion. Ail necessary trans- 
portation support equipment i s  expected to 
be available. 

It is anticipated that the net cost of shipping 
the MDA to and from a oontractor's facility 
would be approximately $61,425.00. If 
NASA chose to perform all of the necessary 
modification on the MDA at MSFC, then the 
net cost of interdepartmental and intrafaciiit 
shipping would be about $2,047.50. All 
necessary transportation support equipment 
is  exoected to be available. 

Schedule Effects, Impact Against 
SAL Installation 

Schedule Effects, Impact Against 
AAP-2 Mission 

S.\L i\ltcm;lte Position No. 1 

I t  i s  a considered opinion, in the face of 
other STS/MDA schedule uncertainties, that 
approximately 35 working days will be 
required to remove and relocate affected in- 
ternal STS hardware, modify the STS Struc- 
ture and radiator wail assembly, and install 
the SAL. An additional 10 working days will 
be required to reassemble the radiator 
assembly to the STS/MDA structure. 

It is a considered opinion, in %he face of 
other AAP-2 mission schedule uncertainties 
that approximately 4 calendar months will 
be needed to complete all essential modifi- 
cation, installation, reassembiy, testing, 
qualification, and supporting tasks that sat- 
isfy the SAL requirements. 

4pproximateiy 325 in. of MDA interior wai 
surface area would be consumed by locating 
the SAL at alternate position 4. The same 
:ross-sectionai area is calculated for the 
T-027 photometric canister as given in the 
Jther alternate positions. The transfer en- 
closure i s  oriented in similar manner as 
specified in alternate position 2 (Fig. A-71 

Approximately 30 working days will be 
required to modify the necessary STS and 
radiator structure and install the SAL at 
alternate position 2. This estimate is based 
on considered opinion and i s  subject to other 
STS/MDA schedule uncertainties. An addi- 
tional 10 working days will be required to 
reassemble the radiator assembly to the 
STS/MDA structure. 

Approximately 3.5 calendar months will be 
needed to complete ail essential and sup- 
porting tasks that safisfy the SAL require- 
ments. This time estimate is  based on a 
considered opinion and is subject to other 
AAP-2 schedule impacts. 

No useful storage a rea  i s  available over the 
SAL when located at  alternate position 4. 
The MDA upper cone frustum would interfei 
with the location of launch storage area ove 
the SAL. 

Approximately 25 working days will be 
required to modify the necessary MDA and 
radiator structure, and install the SAL. Thi 
estimate is based on considered opinion and 
is subject to other MDA schedule uncer- 
tainties. An additional 10 working days will 
be required to reassemble the radiator 
assembly to the MDA and STS structure. 

Approximately 3 calendar months will be 
needed to oompiete all  essential and sup- 
porting tasks that safisfy the SAL require- 
ments. This time estimate is based on a 
considered opinion and is suhject to other 
AAP-2 schedule impacts. 

The net transportation cost as defined in a1 
ternate position 3, for both a contractor or 
NASA, is apphcabie to alternate position 4. 
All necessary transportation support eqmp- 
ment i s  expected to be available. 

Approximately 20 working days will be 
required to modify the MDA Structure and 
install the SAL. This estimate i s  based on 
considered opinion and is subject to other 
MDA schedule uncertainties. 

Approximately 2. 5 calendar months wiii be 
required to complete the necessary and 
supporting tasks that safisfy the SAL requii 
ments. This time estimate i s  based on a 
considered opinion and is subject to other 
AAP-2 schedule impacts. 
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S,\L .\ltern;ite Position No. 1 

TABLE A-4. (Continued) 

SAL A1tern:itc Position No. L SAL A1torn:ito Position No. .I S.\L ,\ltcm:rte Position No. 4 Ileqoiromcnt .ind Decision Cr i tc rh  

Use During Mission AAP-3/AAP-4 

~~ ~~ 

istallation of the SAL at alternate position 1 
Pig. A-3) will not interfere with the oper- 
tion of AAP experiments S-018, T-025, and 
-027. It is anticipated that these experi- 
Lents can be operated through the SAL and 
an accomplish their required operations in 
upport of the AAP-3/AAP-4 missions. No 
.M or STS/MDA structural interference 
roblems are  anticipated. The structural 
ardware and assemblies for experiments 
'-017 and T-021 are located directly below 
le SAL at alternate position 1 (Fig. A-41 
nd should not interfere with experiments 
-018, T-025, and T-027. 

The commtnts dealing with structural and 
experiment interference problems, as de- 
fined for alternate pwition 1,  apply to alter- and operational problems for AAP experi- 
nate position 2. The only exception to the ments S-018, T-025, and T-027. Experi- ence constraints for AAP experiments 
previous statements would be the specific ments T-017 and T-021 will be located ap- 
location of the SAL with respect to the stmc- proximately 100 inches directly below the 
t u r d  framework and hardware for AAP ex- SAL, but experiments S-018, T-025, and 
periments T-017 and T-021. 
be located slightly above and approximately SAL assembly and reach the near proximity 
45 degrees to the right, as viewed from the of experiments T-017 and T-021, may not be 
outside of the STS along the -Z  axis, of the easily accomplished. Figure A-G shows that 
T-017 and T-021 experiment framework 96 inches of extension o r  push rod length ex- 
assemblies. It i s  assumed that 96 inches of tends beyond the SAL outboard of the MDA. 
extension rod length (Fig. A-6) would extend It is  not known whether this extended length 
beyond the SAL for the purpose of servioing i s  the maximum required, but if this is the 
the AAP experiments attached to the frame- case, then an additional 138.56 inches is 
work structure. 
2 will impact the experiment service oper- board ends of the T-017 and T-021 experi- 
ationr.1 requirements since the extension ments framework and panels from the SAL at 
.rods cannot reach the outboard end of the alternate position 3 (Fig. A-10, line h) . 
structural framework. An additional 25.75 F'urthermare, a clearance problem exists SAL. 
inches of extension rod length will be re- for the SAL extension and push rod related 
quired (Fig. A-IO. line g) . experiments. There are only 8 to 16 inches 

of space between the SAL and the LM struc- 

The installation of the SAL at alternate posi- 
tion 3 presents some major interference and 

If alternate position 4 i s  selected for 
locating the SAL, then similar,  i f  not more 
severe, operational problem:: and interfer- 

S-018, T-025, and T-027 would apply as  de 
fined in alternate position 3. Experiments 
T-017 and T-021 would be located approx- 
imately 217 inches below and 45 degrees to 
the right of the SAL, as viewed from inside 
the MDA. This SAL location not only pre- 
sents a difficult task to reach the near PrOX 
imity of the T-017 and T-021 experiments. 
but an additional 121 inches of extension roc 
i s  required (Fig. A-10, line i ) .  Morever. 
the same q p e  of extension rod and LM s t ru  
ture interference problem exists when expe 
iments 5-018, T-025, and T-027 are  
operated through the SAL a t  alternate posi- 
tion 4. A clearance of 25 to 33 inches i s  
calculated behveen the LM structure and 

The SAL would T-027, which must be operated through the 

The SAL located in position needed to reach the near proximity and out- 

The selection of the SAL at pcsition 4, from 
an engineering and modification cost point- 

ture when docked to the MDA. This situa- 
tion will cause operational problems for the 
AAP collection, contamination, and photo- 
metric measurement experiments. Experi- 
ments S-018, T-025, and T-027 require the 
use of a long extension rod to be extended 
outward from the MDA through the SAL. It 
is anticipated that the extension rod opera- 
tional support requirements for AAP experi- 
ments S-018, T-025, and T-027 cannot be 
met and will interfere with the LM structure 
when operated through the SAL a t  alternate 
position 3. 

The selection of the SAL at alternate position 
3, from an  engineering and modification cost 
point-of-view, indicates that this position is 
a better choice than either alternate position 
I or 2. There is: ( 1) less structural mod- 
ification and cost; (2) less relocation of 
major internal equipment; ( 31 less chance of 
micrometeoroid reflection, outgassing, and 
contamination of the SAL; (4) a shorter dis- 
tance to the MDA control panel and glide- 
slope indicator; ( 5) less chance of internal 
MDA Scientific Airlock extension rod inter- 
ference problems; and ( 6 )  less overall mod- 
ification cost. However, the selection of the 
SAL a t  alternate position 3 from an oper- 
ational point-of-view indicates that this 

of-view, indicates that this position is even 
B more lucrative choice than alternate posi. 
tion 3. However, the seleotion of the SAL i 
position 4 from an operational support poinl 
of-view indicates that this position i s  the 
least  likely to succeed in filling i ts  mission 
support function. 

If the decision is made to select alternate 
position 4, then similar courses of correc- 
tive action must be undertaken to offset AA. 
experiment and LM structure interference 
problems as described in alternate position 
3. It i s  estimated that 5 to 8 months of AA. 
program schedule stretchout time will be 
required to effect the design, fabrication, 
and interface of an omni-directional exten- 
sion rod to the MDA/SAL at position 4. 



TABLE A-4. ( Continued) 

SAL A1tern:ite Position No. 2 llequirenient :rind Decision Criteria SAL Alternate Position No. :I 

position is impractical and would seriously 
compromise the AAP-3/AAP-4 mission sup- 
port requirements, 

If the decision i s  made to select alternate 
position 3, then several means of offsetting 
the undesirable interference and operational 
support problems must be found. Far 
example, a programed, remote-controlled, 
omni-directional extension rod linkage desigr 
might be employed (interfaced to the 
MDA/SALI and designed so a s  to clear the 
LM structure and reach the required dis- 
tances. The consequences of this decision 
would materially impact the modification and 
development cost, as well a s  stretch out the 
AAP program schedules (possibly 4 to G 
months longer). A second way to alleviate 
the above interference problems with the LM 
structure is to delete experiments s-018, 
T-021, and T-027 from the AAP-Z/AAP-S ant 
AAP-4 flieht missions. 

ISA Contractual Obligations Phe same contractual comments and con-, 
litions as specified in alternate position 1 
Lre applicable to alternate position 2. How- 
tver, i t  is estimated that the total overall 
nodification, SAL installation, and support 
:ost would be $819,000.00. 

Sr\L i\ltern;ite Position No. 1 

The National Aeronautics and Space Adminis- 
tration designed and fabricated the MDA at 
the MSFC facility. If the SAL is located at  
alternate position 3, i t  is likely that MSFC 
will acoamplish the modification of the MDA 
structure, make the required installations, 
and initiate the engineering changes. If MSF 
implements the SAL installation in-house, 
then the total overall modification and suppor 
cost is estimated a t  $368,907, 50, or approx. 
imately 55 percent less  than alternate posi- 
tion 2. Conversely, if NASA selects the AM 
prime contractor to do the above work, then 
i t  is anticipated that the estimated total over. 
al l  cost would be $564,702.50, or  approx- 
imately 31 percent less than the normalized 
case as given in alternate position 2. 

The above cost estimate figures a re  repre- 
sentative of engineering and management 
design considerations and do not consider 
fully the important Operational disadvantages 
or expeotations. It was shown under the pre- 
ceding requirements and decision cri teria 
heading (Use During AAP-S/AAP-4 Mission, 
Alternate Position 31 that the operational 
mission support requirements were serious13 
compromised. 
the interference and operational problems 
could be alleviated if the decision maker was 
willing to live within certain constraints, o r  

Further, i t  was shown that 

le NASA customer is  presently committed 
purchase engineering, manufacturing and 

her technical support services from the 
VI prime contractor at approximately 
300,000. 00 per month. It is highly probabh 
at the AM contractor would be selected by 
\SA to implement the SAL installqtion if 
LSA did not choose to perform tbe modifi- 
tion and installation at  the MSFC facility, 
nce NASA is already paying for engineering 
d manufacturing services. Alternate posi- 
m 1 locates the SAL on the Airlock Module' 
'S section. It is anticipated that the con- 
wtor would modify the STS assembly, mak6 
B required SAL installation, and initiate 
rtinent engineering changes. It is esti- 
ated that the total overall modification, SA1 
stallation, and support coSt would be 
iG8,175.00, o r  approximately 18 percent 
3s than the normalized case (alternate 
sition 21. 

Matrix of Altcrnntives 

S.\L A1tcm:tte Position No. 4 

The same contractual comments and can- 
ditions as specified in alternate position 3 
are directly applicable to alternate position 
4,  with the exception of the total overall cos 
estimates for both NISFC and a contractor. 
If MSFC elected to accomplish the job, then 
i t  is estimated that the total overall cost of 
modification, SAL installation, and support 
would be $208,770.00, or approximately 74 
percent less than the normalized case., If 
NASA chose to issue the above task to a con. 
tractor (probably the AM prime contractor] 
i t  would cost NASA about $335,335.00, or 
approximately 59 percent less than the nor- 
malized case. 

The above cost estimate figures are repre- 
sentative of engineering and management 
design considerations and do not fully con- 
sider the important operational disadvan- 
tages 88 stated in the preceding requiremenl 
and decision cri teria heading Use During 
AAP-3/AAP-4 Mission, Alternate Position 
3) .  It is  reasonably thought that the selectii 
of the SAL at alternate position 4 would be 
the least likely selection to meet the missioi 
operational support requirements. Assumir 
that the decision maker chose to solve the 
operational problems by implementing the 
action as stated in NASA Contractual Obli- 
gations, Alternate Position 3, then i t  i s  



Iluquircincnt and Decision Criteria 

TABLE A-4. ( Concluded) 

S,\L .\ltern;ite Position No. 1 

Matrix 01 

SAL Aiternate Position No. 2 SAL i\lfern;,te Position No. :I 

greater outlay of labor, material, and time 
o solve the above problems could beaffordec 
issuming that the decision maker chose to 
d v e  the operational problems by either 
leveloping or adapting a better electro- 
nechanical extension rod device to be inter- 
aced to the MDA/SAL, then i t  is conserva- 
ively estiinated that an additional 
m n ,  nnn.00 must be expended by MSFC. 
The cast could conceivably reach as high as 
$1,125, non. on if a private contractor were 
o design, fabricate, and interfaoe an omni- 
lirectionai extension rod to the MDA/SAL 
t position 3,  o r  make additional structural 
nodification changes. 

S.\L Altcmntc Position No. 4 

conservatively estimated that an additional 
$1, non, non. on must be expended by MSFC. 
The cost could oondeivably reach as high as 
$1,125,000.00 if a private contractor were 
to design, fabricate, and interface an omni- 
directional extension rod to the MDA/SAL 
at position 3, or make additional Structwal 
modification changes. 
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Figure A-6. SAL and photometer canister interface installation 
at alternate positions 1 and 2. 
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W Figure A-8. Scientific Airlock/STS cutaway, alternate position 1. 



SCIENT IF IC 
A LTE RN ATE 

IVA SUIT COOLING 

+ Y  1 
I 

AIRLOCK 
POSITION NO. 2 

/-= 

- .. . _ _  

NOTE: MOLECULAR SIEVE 
REMOVED FROM THE 
- 2  AXIS  FOR CLEARITY 

Figure A-9. Scientific Airlock/STS cutaway alternate position 2. 



- - -SAL ALTERNATE fOSITION NO. 4 
(SEE NOTE 2 1 

I I /  I I 
a I 11.50 
b 48.90 
C 100.00 
U 18 7.25 

j 96.00 
f j 9675 
0 ' 12175 

138.75 1 217.00 

I 

- 
I 

' O A E  
64.2 1 

OBE o 
i e- 
i E  

OCE j 0 

j E  I 

ODE j 0 
' D  
/ E  

I 

I.,-- SAL ALTERNATE POSITION NO. 2 
(SEE NOTE 1 ) 

POSITION N 0 . l  y 
(SEE NOTE 1 1 

-t Y -t-- 
REFERENCE PLANE AT 
MSFC STA 1847 069 

25.7 8 

109.41 
48.41 
22.16 

90 
54.83 
35.16 

9 4.50 
26.16 
59.33 

1. POINTS A AND 0 
FALL ON THE 
OUTBOARD SUR- 
FACE OF THIS STS. 

- N O T E S  

SAL ALTERNATE 

(SEE NOTE 1 1 

-t Y 

REFERENCE PLANE AT 
MSFC STA 1847 069 

\ \  

*' ' \  ROTATED FOR ' 
ILL US T RAT IVE 

PURPOSES 

EXPERIMENT FRAMEWORK 
SUPPORT STRUCTURE 

*' ' \  

/ - OUTEDARD END OF AAP 
EXPERIMENT FRAMEWORK 
SUPPORT STRUCTURE 

PURPOSES 

2.POlNTS C kND D 
FALL ON THE 
OUTBOARD SUR- 
FACE OF THEMDA. 

Figure A-10. SAL alternate position and experiment support 
structure vector relationships. 

61 



TABLE A-5. SAL MASTER DECISION MATRIX , 

TABLE A-6. ASSESSMENT OF ADVERSE CONSEQUENCES (Cii)  FOR 
SAL ALTERNATE POSITION 1 

Critical Risk Factors 

Engineering Feasibility 

Operational Performance 

Capital 

Time 

Philosophy 

Relative Risk 

Moderate: Molecular sieve 
and storage packages must 
be relocated. 

No problems anticipated. 

High: Assuming that MSFC 
could accomplish the modi- 
fication and installation of the 
SAL using the contractor's 
total overall cost estimate 
( Table B- 1, AM/STS, Altern; 
Position 1) less the expected 
profit that would be awarded 
to an aerospace contractor. 

Long Duration 

Good: Offers excellent chance 

Probability of 
Success (Es t . )  

;e 

0.030 

0.100 

0.025 

0.025 

0.070 t Net: 
of being accepted by MSFC 
Project Management. 

1 0.250 
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TABLE A-7. ASSESSMENT OF ADVERSE CONSEQUENCES ((212) FOR 
SAL ALTERNATE POSITION 1 

Critical Risk Factors 

Engineering Feasibility 

Operational Performance 

Capital 

Time 

Philosophy 

Relative Risk 

Moderate: Same as C l l .  

No problems anticipated. 

High 

Moderate Duration 

Best: Offers greatest chance of being 
accepted by MSFC Project 
Management if the cost factor is 
deemed reas onable. 

Probability of Success 
(Est. 

0.035 

0.100 

0.020 

0.045 

0.100 

Net: 



TABLE A-8. ASSESSMENT OF ADVERSE CONSEQUENCES (Czi) FOR 
SAL ALTERNATE POSITION 2 

Zritical Risk Factors 

Engineering Feasibility 

3perational Performance 

2 apital 

Time 

Philosophy 

Relative Risk 

Minor: Storage packages must be relocated. 

Minor: Extension rods for servicing A A P  experiments 
T-017 and T-021 are impacted. 
must either be redesigned or the length increased 
to fulfill A A P  mission requirements. 

Extension rods 

Very High: Assuming that MSFC could accomplish the 
modification and installation of the SAL using 
the normalized total overall cost estimate less 
the expected profit that would be awarded to an 
aerospace contractor, 

Maximum Duration per schedule impact estimate, and 
could even extend beyond original estimate. 

Good: Still offers an excellent chance of being accepted 
by MSFC Project Management, because the impact 
to the A A P  experiment mission requirements is 
minor. 

Probability of Success 
(Est. ) 

0.040 

0.060 

0.015 

0.020 

0.040 

Net: 
0.175 



TABLE A-9. 

Critical Risk Factors 

Engineering Feasibility 

Operational Performance 

Capital 

Time 

Philosophy 

ASSESSMENT OF ADVERSE CONSEQUENCES (Czz) FOR 
SAL ALTERNATE POSITION 2 

Relative Risk 

Minor: Same as Czi . 
Minor: Same as Czt . 
Highest: Offers maximum capital risk. 

(Refer to normalized case. ). 

Maximum Duration per schedule impact 
estimate. 

Acceptable: If MSFC Project Management is 
willing to accept the cost r isk and 
engineering redesign effort, then 
this outcome is still a good chbice 
because the impact to the A A P  
experiment miss ion requirements 
is minor. 

Probability of Success 
(Est. ) 

0.045 

0.060 

0.010 

0.025 

0.060 

Net: 
0.200 



43 
43 TABLE A-10. ASSESSMENT OF ADVERSE CONSEQUENCES (Csi) FOR 

SAL ALTERNATE POSITION 3 

Critical Risk Factors 

Engineering Feasibility 

Operational Performance 

Cap ita1 

Time 

Philosophy 

Relative Risk 

Minor: Storage packages must be relocated. 

Very High: Extremely difficult to service A A P  
experiments T-017 and T-021. 
Complete redesign of extension rod 
service system A A P  experiments is 
necessary. Relocating structural 
framework assembly within immedi- 
ate vicinity of SAL alternate position 
3 would not accomplish any useful 
purpose. 

Moderate 

Maximum Duration per schedule impact estimate. 

Poor: MSFC Project Management will recognize 
the fact that SAL alternate position 3 does 
not easily support the A A P  experiment 
mission requirements. Either the A A P  
experiment requirements must be relaxed, 
or a better SAL alternate position must be 
relocated. 

?robability of Success 
(Est. ) 

0. 010 

0.005 

0.010 

0.005 

0.020 

Yet: 
0.050 



TABLE A-11. ASSESSMENT OF ADVERSE CONSEQUENCES (C32) FOR 
SAL ALTERNATE POSITION 3 

~~ 

Critical Risk Factors 

Engineering Feasibility 

Operational Performance 

Capital 

Time 

Philosophy 

Relative Risk 

Minor: Same as C3i . 
Very High: Same as C3i . 
Moderately High 

Maximum Duration per schedule impact estimate, 
and possibly longer because of interfacility trans- 
portation problems. 

Very Poor: Same as C31, with even a greater 
risk of capital and time. 

Probability of Success 
(Est. ) 

Q' 010 

0.005 

0.004 

0.002 

0.004 

get: 
0.025 



TABLE A-12. ASSESSMENT OF ADVERSE CONSEQUENCES ((341) FOR 
SAL ALTERNATE POSITION 4 

Critical Risk Factors 

Engineering Feasibility 

Operational Performance 

Capital 

Time 

Philosophy 

Relative Risk 

No Problems Anticipated and has the character- 
istic of being the position that requires the least 
modification and installation effort. 

Unacceptable: Cannot meet AAP experiment 
servicing support requirements 
for T-017 and T-021. 

Least Cost 

Minimum as per schedule impact estimate. 

Unacceptable: Cannot fulfill AAP-S/AAP-4 
mission requirements. E ither 
the experiment framework 
support structure must be 
relocated from its present 
position, o r  devise a new 
way for servicing the above 
A A P  experiments. 

Probability of Success 
(Est. ) 

0.100 

-0.100 

0.100 

0.100 

-0.200 

Net: 
0.000 



TABLE ,A-13. ASSESSMENT OF ADVERSE CONSEQUENCE§ (C4J FOR 
SAL ALTERNATE POSITION 4 

Critical Risk Factors 

Engineering Feasibility 

Operational Performance 

Capital 

Time 

Philosophy 

Relative Risk 

No Problems Anticipated ( same as Cdl). 

Unacceptable: Cannot meet AAP experiment 
servicing support requirements 
for T-017 and T-021. 

Minimum 

Minimum as per  schedule impact estimate. 

Unacceptable: ( See C4J . 

Probability of Success 
(Est. ) 

-0.100 

0.090 

0.100 

-0.190 

Yet; 

0.000 

Q) 
W 



TABLE A-14. AGGREGATION OF THE DECISION'S PROBABILITY 
OF SUCCESS ( Estimated)  

SAL Alternate  
Posit ion No. ( Probabili ty of Success) ( Probabili ty of Success) 

ACTS 

I Z P  = I. 0 
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-3 
to TABLE B-1. FINAL CONTRACTOR VERSUS MSFC COST SUMMARY (Dollars) 

Item 

Modification of MDA/ 
STS Structure 

Radiator Modification 

Relocation of Hard- 
Mounted Equipment 

Transportation 

Total Overall Cost 

Percentage Less than 
Normalized Case 

ANI 
Alternate 

P o a o n  2 
Contract o r  

327 600.00 

163 800.00 

245 700.00 

81 900.00 

819 000.00 

Normalized Case 

STS 
Alternate 

Position 1 
Contractor 

209 060.00 

94 660.00 

282 555.00 

81 900.00 

668 175.00 

18.42 

MDA 
I 

A Iternate 
MSFC 

172 680.00 

91 900.00 

98 280.00 

2 047.50 

364 907.50 

55.44 

104 280.00 0.00 

165 847. 50 I 30 712. 50 

61  425.00 2 047. 50 

564 702.50 208 770.00 

31.05 I 74.51 

Position 4 
Contract01 

224 770.00 

0. 00 

49 140. 00 

6 1  425.00 

335 335.00 

59.06 



TABLE B-2. CONTRACTOR COST SUMMARY WORK SHEET ( Dollars) 

I t e l l 1  I 

. Shipnicnt Tti 

. Shipment From 

AM / STS 

325 l i l l t l .  011 

;!I O I I I ) .  00 

.:: \ I l l l .  ill1 

.I 000. I l l 1  

.;; .lllI. I l l1  

i , ,  : ..(Ill. 1111 

.,- l , 1 1 1 1 .  1 1 , )  

Ill 0 1 l 1 1 .  0 1 1  

.,.-, L'IIII. 00 

2 /., ;1111. 00 

: :: >.-,ll. 00 

122  *.;11. 00 

'i 1 ! l l l l l .  00 

4f1 ! lSO. 00 

I O  11.50. 00 

b Alte riinte 
Position 1 

a. 
IJ. Iiigh in Cost 
c .  

Iliahest Cost ( Normdized Case) 

Percentage Relxtive to Normalized Case 

MDA 

Alternated 
Position :{ 

233 150. 00 

47 4 w .  0 1 1  

54 -171). 1111 

'i1 ll1ll1. I l i l  

,711 3 1 1 .  00 

111.1 2.11. 00 

:::, 1l;Il. I l l 1  

:I2 111l I l .  1111 

::7 1211. 1111 

I I,.-> \ I;. . j l )  

!I2 137. ,711 

73  7 1 II. I10 

D l  4'5. 00 

30 7 12. 5 0  

30 7 12. 50 

d. Moderate Cost 
e. Cheap in Cost 

AI  te mate  
I'osition 4e 7; 
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TABLE B-3. CONTRACTOR VERSUS MSFC .COST SUMMARY 
WORKSHEET ( Dollars) 

Item 

Modificntion of MDA, 
STS Structure 

Dissssenibly 

. hlodificstion 
Rework 

Testing 

‘ Reassembly 

Radiator hlodificatioi 

* Disassembly 

Modification 
Rework 

. Reassembly 

Relocation of Hard- 
Mounted Equipment 

Analysis and 
Engineering 

hlodification 
Rework 

Transportation 

- Shipment To 

* Bhfpment Fron 

AML 

Alternate 
Position 2 

327 600.00 

79 00or00 

83 HO0.00 

$ 1  000. 00 

$ 3  800.00 

1 ti3 800. 00 

3.3 GOO. 00 

40 000.00‘ 

ti5 200.00 

245 700.00 

122 850.00 

122 850.00 

81 900.00 

40 950.00 

40 950.00 

Sa 

Alternated 
Position 1 

!09 060.00 

47 400.00 

29 330. 00 

81 000. 00 

51 330.00 

94 Ii(i0. 00 

41 020. 00 

5 001). 00 

45 6.10. 00 

!82 555.00 

47 420.00 

35 135.00 

81 900.00 

40 950.00 

40 950.00 

a. Contractor Cost Estimate Figures 
b. MSFC Cost Estimate Figure6 
c. Highest Cost (Normalieed Caw) 
d. Htga incost 

63.81 

60 

35 

100 

GO 

57. 7n 

7 0 

20 

70 

115 

1 20 

110 

100 

100 

100 

MI 

Alternate 
Position J 

172 680.00 

35 650.00 

34 520.00 

64 800.00 

37 710.00 

91 900.00 

“9 :w0. 00 

30 000. 00 

:32.600.00 

98 280.00 

61 425.00 

36 855.50 

2 047.50 

1023.75 

1023.75 

%0 - 
52.71 

45 

40 

80 

45 

56.10 

50 

75 

50 

40 

50 

30 

0. 25 

0. 25 

0. 25 - 

m 

Alteroste 
Position 48 

176 010.00 

35 650.00 

41 900.00 

60 750.00 

37 710.00 

0 

0 

0 

0 

30 712.50 

24 570.00 

6 142.50 

2 047.50 

1023.75 

I 023.75 

e. Percentage Relative to Normallzed Case 
f. Moderately Low in Cost 
g. Cheapest in Cost 

%0 - 
i3.72 

45 

50 

75 

45 

0 

0 

0 

0 

12. 5 

20 

0. 5 

0. 25 

0. 25 

0. 25 - 
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TABLE B-4. CONTRACTOR DETAIL COST WORKSHEET (Dollars) 

Item 

Overall Modification 

Less Contractor's Profit ( N o  Padding) a 

N e t  Overall Modification 

Modification of MDA/STS Structure 

Radiator Modification 

Relocation of Hard-Mounted Equipment 

Transportation 

Modification of MDA/STS Structure 

Disassembly 

* Modification Rework 

* Testing 

- Reassembly 

Dis sembly 

Labor 

* Material 

Facility Support 

Total Cost 

1 0 0 0  000.00 

181 000.00 

819 000.00 

327 600.00 

163 800.00 

245 700.00 

81 900.00 

Net Cost 

327 000.00 

79 000.00 

83 800.00 

81 000.00 

83 800.00 

79 000.00 

37 500.00 

2 000.00 

10 000.00 

Percentage 

100.00 

18.10 

81.90 

32.70 

16.38 

24. 57 

8.19 

Percentage 

24: 16 

25. 58 

24.73 

25. 58 

47.47 

2. 53 

12.66 

a. Could be realized as a cost savings if MSFC accomplished the overall 
modification effort. 
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TABLE B-4. ( Continued) 

Item 

Overhead 

Modification Rework 

* Labor 

Material 

Facility Support 

Overhead 

Testing 

* Labor 

Material 

. Facility Support 

Overhead 

Reassembly 

* Labor 

Material 

. Facility Support 

a Overhead 

Radiator Modification 

Disassembly 

* Modification Rework 

Total Cost 

29 500.00 

83 800.00 

25 800.00 

19 000.00 

19 000.00 

20 000.00 

81 000.00 

21 000.00 

12  000.00 

35 000.00 

13  000.00 

83 800.00 

39 000.00 

10 000.00 

10 900.00 

23 900.00 

163 800.00 

58 600.00 

40 000. 00 

Percentage 

37.34 

30.79 

22; 67 

22.67 

23.87 

25. 93 

14. 82 

43.21 

16.05 

46. 54 

11.93 

13.10 

28. 52 

35.78 

24.42 
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TABLE B-4 ( Continued) 

Item 

Re assembly 

Disassemblv 

Labor 

- Material 

Facility Support 

Overhead 

Modification Rework 

' Labor 

Material 

Facility Support 

. Overhead 

Reassembly 

- Labor 

Material 

- Facility Support 

* Overhead 

Relocation of Hard-Mounted Equipmenl 

Analysis and Engineering 

Modification Rework 

%et Cost 

65 200.00 

58 600.00 

25 950.00 

4 650.00 

20 000.00 

8 000.00 

40 000.00 

i 3  000.00 

10 000.00 

9 000.00 

8 000.00 

65 200.00 

34 000.00 

7 200.00 

14 000.00 

10 000.00 

245 700.00 

122 850.00 

122 850.00 

Percentage 

39.81 

44.28 

7. 94 

34.13 

13.65 

32.50 

25. OD 

22. 50 

20.00 

52.15 

11. 04 

21.47 

15. 34 

50. OC 

50. OC 
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TABLE B-4. ( Continued) 

I Item 

Analysis and Engineering 

* Labor 

. Material 

* Facility Support 

. Overhead 

Modification Rework 

Labor 

Material 

* Facility Support 

- Overhead 

Transportation 

Shipment To 

- Shipment From 

Shipment To 

Labor 

Facility Support 

Overhead 

Net Cost 

122 850.00 

61 775.00 

0. 00 

20 358.33 

40 716.67 

122 850.00 

57 850.00 

28 000.00 

12 000.00 

25 000.00 

81 900.00 

40 950.00 

40 950.00 

40 950.00 

22 350.00 

5 000.00 

13 600.00 

Percentage 

50. 29 

0. 00 

16. 57 

33.14 

47.09 

22.79 

9. 77 

20.35 

50.00 

50. 00 

54.58 

12.21 

33.21 
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TABLE B-4. ( Concluded) 

I tem 

Shipment From 

* Labor 

* Facility Support 

* Overhead 

Net Cost 

40 950.00 

22 350.00 

5 000, 00 

1 3  600.00 

Percentage 

54.58 

12.21 

33.21 
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TABLE B-5. NORMALIZE DETAIL COST WORKSHEET 
FOR ALTERNATE POSITION 2 Dollars) 

Item 

Overal l  Modification At  Posit ion 2 

Labor  

Mater ia l  

* Facility Support 

a Overhead 

Modification of MDA/STS St ruc ture  

- Labor 

- Mater ia l  

- Facility Support 

0 Overhead 

Radiator Modification 

Labor  

Mater ia l  

* Facility Support 

* Overhead 

~ ~~~ 

Total  Cos t  

819 000.00 

360 575.00 

92 850.00 

160 258. 33 

205 316.67 

819 000.00 

Net Cost  

327 600.00 

123 300.00 

43 000.00 

74  900.00 

86 400.00 

327 600.00 

163 800.00 

72 950. 00 

21 850.00 

43 000.00 

26 000.00 
163 800.00 
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TABLE B-5. ( Concluded) 

Item 

Relocation fo Hard-Mounted Equipment 

0 Labor 

* Material 

. Facility Support 

Overhead 

Transportation 

. Labor 

' Facility Support 

. Overhead 

Net Cost 

245 700.00 

I 1 9  625.00 

28 000.00 

32 358.33 

65 716. 67 

245 700.00 

81 900.00 

44 700.00 

10 000.00 

27 200.00 

81 900.00 
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APPENDIX C 

WORKSHEETS AND DATA 
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TABLE C-i. SOLUTION ATTRIBUTE EMPHASIS COEFFICIENT 
RANKING WORKSHEET 
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TABLE C-2. SOLUTION ATTRIBUTES INPUT DATA MATRIX 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

I M O D I F I C A T I O N  OF THE STRUCTURE 

H A D I A T O R  M O C I F I C A T I O N  

R E L O C A T I O N  OF I N T L R N A L  STRUCTURE 

LAUNCH STORAGE AREA 

WALL AREA COI\ISUMI.IEC BY S A L  

K E F L E C T I O N  /OUTGASSING FROM T - 0 1 7 / T - 0 2 1  

CHEN OBSTRUCTIONS 

NEAR CONTROL S T A T I O N  

S A L  E X T E n S I O N  ROD CLEAl iA iuCE 

TRAiYSPOKTAT I O N  

S C H t D U L E  t F F l r C T  - S A L  I N S T A L L A T I O N  

SCHEDULE EFFECT - AAP-2 i~4 ISSIOIU  

U S E  D U R I N G  AAP-3 /AAP-4  N I S S I O N  

14 NASA CONTRACTURAL ~BLIGATIONS A Z ~ D  COST 

DECISIOi\IS 

1. 2 3 4 5' 6 7 8 9 1 0  1 1  17 17 1 4  

ABOVE M A T R I X  I S  C O N S I S T E N T  

COEF F I C I EiYT OF CONS I S T EZIC Y 1.000 



TABLE C-3. SOLUTION ATTRTBUTES EMPHASIS COEFFICIENTS RANKING 

TION ATTRIBUTES 

USE DUPING AAP-3/AAP-4 M I S S I O N  

M O D I F I C A T I O N  OF THE STRUCTURE 

SCHEDULE E fFECT - AAP-2 M I S S I O N  

RELOCATION OF INTERNAL STRUCTURE 

RADIATOR MODIF ICATION 

REFLECTION /OUTGASSING FROM T-017 /T -021  

SAL EXTENSION ROD CLEARAlJCE 

CREW OBSTRUCT IONS 

SCHEDULE EFFECT - S A L  I N S T A L L A T I O N  

TRANSPORTAT I ON 

NEAR CONTROL STATION 

WALL AREA CONSUMMED BY SAL 

LAUNCH STORAGE AREA 

-MPHASIS COEFFIC IENT 

0 0 1 2 7 4 7  

0 0 0 9 4 5 0  

0008461 

0.07252 

0007142 

0006703 

0.064a3 

0.06263 

0.05824 

0 1 0 5 2 7 4  

0.05054 

9.04615 

Om03076 

000-2857 



TABLE C-4, SYSTEM COMPARISON TRADE-OFF EVALUATION WORKSHEET 

AIRLOCK/STS (ON AXIS)  POSITION NO. 1 

AIRLOCK/STS (OFF A X I S )  P O S I T I O N  NO. 2 

MDA (ON A X I S )  POSITION NO. 3 

MDA ( O F F  A X I S )  P O S I T I O N  NO. 4 

SOLU TlON ATTRIBUTE 
~~ ~~ 

Radiator Mod i f  ic ‘k t ion 

D - C - 11 - A 



TABLE C-4. ( Continued) 

A 

DECISIONS 

ALTERNATE POSITION SELECTION A B C D 
. 3  0 / /  ,‘ .; ,“.2 ,‘. S O L U  TION A T T R I B U T E  ,’. 1 ,‘. 1 ,’.G 

A I R L O C K / S T S  (ON A X I S )  POSITION NO. 1 

AIRLOCK/STS (OFF A X I S )  P O S I T I O N  NO. 2 ‘(1 ’(1 Rcloc.ition of Intrrnal Fquipnicnt 
.j “ . 3  I“ 

v 1 

1.2 0’ MOA (ON AXIS) POSITION NO. 3 ,‘I 

I 

AlRLOCK/STS (ON AXIS) POSITION NO. 1 *5,””,””9,” S O L U  TJON A T T R I B U T E  ,‘ .Q ,‘.O w‘.o 

I 1) - B - C: - A 0 MDA (OFF AXIS)  P O S I T I O N  NO. 4 
- __ . - ____ . -__ _ _ _  - 

t 

DECISIONS 

A I 6 1 C I D ALTERNATE POSITION SELECTION 

8 A I R L O C K / S T S  (OFF A X I S )  POSITION NO. 2 Launch A r e a  Available Over S A L  

C I MOA ( O N  A X I S )  POSITION NO. 3 



TABLE C-4. ( Continued) 

W a l l  A r e a  Consunwd b y  S A L  

DECISIONS 

A 1 8 I C 1 D ALTERNATE POSITION SELECTION 

1 A I AIRLOCKISTS (ON AXIS)  POSITION NO. 1 / ~ ~ ~ ’ l ; ~ f { ’ / ; f ~ ~ ’ l  SOLUTION ATTRIBUTE 

Rcf lcc t ion  and Outgassin): f r o m  
T -017 and ’I’ - 021 I*:xpe rimen1 Y 

B AIRLOCK/STS (OFF A X I S )  POSITION NQ. 2 
i 

. I  / 

1 .1  
/ C 

D MDA ( O F F  AXIS)  POSITION NO. 4 

MOA (ON A X I S )  POSITION NO. 3 
w 

D - C - B - A  



TABLE @-4. ( Continued) 

ALTERNATE POSITION SELECTION 

ALTERNATE POSITION SELECTION A 8 C D 

0.1 . /.I ,/.I AIRLOCK/STS (ON AXIS) POSITION NO. 1 .z0/'.4 /' /' 
/ I  

.8 /' :; ," 

.1 /' 

/ /  / . I  /.I A I R L O C K / S f S  ( O F F  A X I S )  P O S l T l O N  NO. 2 

MDA (ON A X I S )  POSITION NO. 3 

7 

DECISIONS 

A I 8 I C 1 D 

0 

A 

B 

SOLUTION ATTRIBUTE 

I 

A,''. 3 /' . 1 '" SOLU TlON ATTRISUTE ,/. 1 ,/. 1 ,/.I / /  AIRLOCK/STS (ON AXIS)  POSITION NO. 1 

AIRLOCK/STS ( O F F  A X I S )  P O S i T I O N  NO. 2 
.-1 ,'.L ,/- 

/ /  Near  Contro l  Station /. 1 '. 1 

Crew Obstructiorts 

I a 

D -. I3 - C i\ 
MOA ( O F F  A X I S )  P O S I T I O N  NO. 4 

i 
. 3 / /  /. 1 

MDA (ON A X I S )  POSIT ION NO, 3 

MDA ( O F F  A X t S )  P O S I T I O N  NO. 4 D - C - I3 - A 



W 
0 

TABLE C-4. ( Continued) 

SAL Extension Rod Clcarance 

1 r an Y po 1- t a t  i o 11 



TABLE C-4. ( Continued) 

c 1 

DECISIONS 

ALTERNATE POSITION S E L E C ~ I O ~  A 1 B I c 1 D 

Schedule Eifcct - SAL Installation 

MDA (ON A X I S )  POSIT ION NO. 3 

I D I MDA ( O F F  A X I S )  P O S I T I O N  NO. 4 D - C - I - 3 - A  

Schedule Effcct  - E.AP-2  htission 

[) - (; - A -- t\ I D 1 MOA (OFF A X I S )  POSIT ION NO. 4 



W 
to TABLE C-4. ( Continued) 

_I-_ 

U s e  During A A P - 3 / A A P - d  M i n s i o n  

c * 

MDA ( ON A X I S  1 POSITION N0.3 
D MOA ( O f f  A X I S  1 POS ITION NO. 4 A - I 3 - - C - D  

!ALTERNATE POSITION SELECTION 1 A I B 1 C 10 I 

NASA Contractual Obligations & Cost 

A - B - D - C  



TABLE C-5. SYSTEM COMPARISON TRADE-OFF INPUT DATA MATRIXES 

**** 9 * * -it it x ** it* -It $4 i: 3t 3t ;t 3c * 3: * # it Q 

* * M O D I F I C A T I O N  OF T H E  STRUCTUI . iE  

1 A I K L O C K / S T S  ON A X I S  P O S I T I O ; . I  1 4 G o  1 

2 A I R L O C K / S T S  O F F  A X I S  P O S I T I O N  KO* 2 

3 M D A  ON A X I S  P O S I T I O N  NO. 3 

4 M D A  OFF A X I S  P O S I T I O I U  110. 4 

S Y S T E M  C O P l P A l i A S I O i \ i  T R A D E O F F  I N P U T  D A T A  : . !ATRIX 

1 2 3 4  

1 0.0 O m 5  0.2 0.1 

2 0.4 0.0 0.4 012 

3 0.7 0.5 0.0 O r 4  

4 0.9 0.8 0.5 0.0 

A B O V E  M A T R I X  IS C O N S I S T E N T  

C O E F F I C I E N T  O F  C O N S I S T E N C Y  

** 3t * * it * x .K it it * # 8 -E it -x it * i c  B .)i x. 9 $6 +k# 

* * K A D I A T O K  M O D I F I C A T I O K  

1.300 

S Y S T E M  C O i 4 P A X A S  I O N  T l i A D E G F F  I N P U T  D A T A  : l A T R  I X 

1 2 3 4  

1 0.0 0 0 3  3 . 4  0 0 1  

2 0.6 0.0 0.4 001 

3 0.5 0.5 9.0 0.1 

4 0.9 0.9 0.9 0.0 

A B O V E  M A T R I X  IS C O N S I S T E : \ ; T  

C O E F F I C I E N T  O F  C O N S I S T E N C Y  1.000 

*** * * * # 3: fi  i k  * 3t t i t* it 9 It ** 3t. dl ** * Q 3 t  
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TABLE C -5 (Continued) 

**RELOCAT I O N  OF I N T E R N A L  STRUCTURE 

SYSTEM COMPARASION TRADEOFF I N P U T  D A T A  M A T R I X  

1 2 3 4  

1 O b C  0.3 0.4 0.2 

2 0.6 0.0 0.5 0.3 

3 0.5 0.4 0.0 0.2 

4 0.8 0.6 0.7 0.0 

ABOVE M A T R I X  I S  C O N S I S T E N T  

C O E F F I C I E i ' 4 T  OF C O N S I S T E N C Y  1.009 

* * * * * * Q I * * + + Q * * X * * * * * * * ~ * * *  

** LAUNCH STORAGE AREA 

SYSTEM COMPARASION TRADEOFF I N P U T  D A T A  M A T R I X  

1 2 3 4  

1 0.0 0.5 0.9 0.9 

2 015  0.0 0.9 0.9 

3 0.1 0.1 0.0 0.5 

4 0.1 0.1 0.5 0.0 

ABOVE M A T R I X  IS C O N S I S T E N T  

C O E F F I C I E N T  OF C O N S I S T E N C Y  1.000 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
** WALL AREA COl\iSUi"i"IXED B Y  SAL  

SYSTEM COMPARASION TRADEOFF I N P U T  DATA M A T R I X  

1 2 3 4  

1 0.0 0.9 0.5 0.9 

2 0.0 0.0 0.1 0.5 

3 0.5 0.8 0.0 0.9 

4 0.0 0.5 0.0 000 

ABOVE M A T R I X  IS C O N S I S T E N T  
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TABLE C -5 (Continued) 

C O E F F I C I E N T  OF CONSISTENCY 1.000 

***** ** %** * * 9 Q * (t * ii It * *:..K- .E Q % i t  * 
* * R E F L E C T I O N  /OUTGASSIRG FROC: T - 0 1 7 L T - 0 2 1  

SYSTEM C O Y P A R A S I Q h  TRADEOFF I N P U T  D A T A  Y A T R I X  

1 2 3 4  

1 0.0 0.4 0.3 0.2 

2 O m 5  0.0 O m 3  0.2 

a 0.6 0.6 0.0 0.1 

4 9.7 0.7 0.8 0.0 

ABOVE M A T R I X  I S  C O N S I S T E N T  

C O E F F I C I E N T  OF C O N S I S T E N C Y  1.000 

**CREW OBSTRUCTIONS 

SYSTEM COblPARASION TRADEOFF I N P U T  D A T A  '4ATRIX 

1 2 3 4  

1 0.0 0.2 0.4 0.1 

2 0.7 0.0 0.8 0.4 

3 0.5 0.1 Oa'O 0.1 

4 0.8 0.5 0.8 0.0 

ABOVE M A T R I X  IS C O N S I S T E N T  

C O E F F I C I G N T  OF CONSISTENCY 1r000 

*+*******************t~l*Q* 

**NEAR CONTROL S T A T I O N  

SYSTEM COMPARASION TRADEOFF I N P U T  3 A T A  M A T R I X  

1 2 3 4  

1 000 0.4 0.3 0.1 

2 005 Om0 0.4 002 

3 0.6 0.5 0;O 0.3 
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TABLE C -5 (Continued) 

4 0.8 0.7 0.6 3.0 

ABOVE M A T R I X  I S  C O N S I S T E N T  

C O E F F I C I E N T  OF C O N S I S T E N C Y  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
**SAL E X T E N S I O N  ROD CLEARANCE 

1.' 2s 

SYSTEM COYiPARASION TRADEOFF I N P U T  DATA X A T R I  X 

1 2 3 4  

1 0.0 0.7 0.9 0.9 

2 0.2 0.0 0.6 0.9 

3 0.1 0.3 0.0 0.4 

4 0.1 0.0 0.5 0.0 

ABOVE M A T R I X  IS CONSISTENT,  

C O E F F I C I E N T  OF C O N S I S T E N C Y  

*** ** * * * * Q i t  * *it K Q  -X * * jt x * * * * * Y  

**TRANSPORTAT I O N  

1.000 

SYSTEi'4 COMPARASION TRADEOFF I N P U T  D A T A  YATR- IX 

1 2 3 4  

1 0.0 0.4 0.4 0.4 

2 O m 4  0.0 0.4 0.4 

3 0.5 0.5 0.0 0 . 4 ,  

4 0.5 0.5 0.4 3.0 

ABOVE b l A T R I X  IS CONSISTE>IT 

C O E F F I C I E N T  OF C O N S I S T E N C Y  1.000 

* * ** ** * u- * u- Q ** K 1 t Q  it it* 3k 35 * x- +** * 
**SCHEDULE E F F E C T  - S A L  I N S T A L L A T I O Y  

SYSTEVi COKPARASIOtL TRADEOFF I K P U T  D A T A  F4ATRIX 

1 2 3 4  

1 0.0 0.2 0.3 0.2 
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TABLE C-5 (Continued) 

2 0.5 0.0 0.3 0.2 

3 0.6 0.6 0.0 0.4 

4 0.7 O c 7  0 4 5  0.0 

A B O V E  M A T R I X  I S  C O i ' d S I S T E N T  

C O E F F I C I E N T  OF CONS I S T E N C Y  1.00C) 

* * $6 +. Q j; .)$ j$ +$ x- 3; x i t  3: 1c ,\ _'L n -h L 3\ ' h ". 7, w. * It It * 3t. Jt 

* * S C H E D U L E  E F F E C T  - A A P - 2  %ISSION 

S Y S T E M  C O i Y P A R A S  I Oh4 T R A D E C F F  I >"PUT D A T A  " A T R  I X 

1 2 3 4  

1 0.0 O s 4  0 . 3  0.4 

2 0 . 3  0.0 0.3 0.2 

3 0.4 0.6 0.0 0.4 

4 0.5 0.7 0.5 0.0 

ABOVE P 1 A T I I I X  IS CONS 1STE:JT 

C O E F F  I C I EX T O F  C O N S  I S T E:IC Y 1.000 

* X  3t It i$ * $+ +t t %- +$ 36 3t  $+ E 3: 3: i t j6X j6 :i -X 3 b 4  $t 3i  

* * U S E  D U R I b i G  A A P - 3 / A A P - 4  t*:ISSIOI'J 

SYSTEtI  C O i Y P A R A S I O i U  T R A D E O F F  INPUT D A T A  P ; A T R I X  

1 2 3 4  

1 0.0 0.8 0.9 0.9 

2 0.1 0.0 0.9 0.9 

3 0.1 0.1 010 0.5 

4 0.1 0.1 0.5 3.0 

A B O V E  b I A T R I X  IS C O P S I S T E N T  

C O E F F I C I E N T  OF C O N S I S T E N C Y  1.000 

i&i& X 3c X Zi36 i t  .it it 3t 3t X- 3t 3t t % %-Y Y i t  7VY.K i f  
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TABLE C -5 (Continued) 

**NASA C O N T K A C T U X A L  O B L I G A T i O > w S  A.UO COST 

SYSTEj4 C0;hIPARA.S 13:+ TRADEOFF 1 ,\!PUT DATA ;\?AT% I X 

1 2 3 4  

1 000 0.5 0 0 9  O e 9  

2 O e 4  3 e U  0 0 9  0.6 

3 001 0.1 0.0 3 r 5  

4 0.c) 0.1 0.5 0.0 

ABOVE M A T R I X  IS C0iJSISTE;JT 

COEFFI  C I EI'JT OF COPiS I STE:ICY 1.003 
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TABLE C-5 (Continued) 

+** SYSTEM COMPARISON TRADEOFF E V A L U A T I O N S  **+ 

+ M O D I F I C A T I O N  OF T H E  STRUCTURE 

SYSTEM M E R I T  SCORE 

A I R L O C K I S T S  ON A X I S  P O S I T I O N  NO. 1 0.13333 

A I R L O C K / S T S  OFF A X I S  P O S I T I O N  NO. 2 0.16666 

MDA ON A X I S  P O S I T I O N  NO. 3 0 a26666 

,MDA O F F  A X I S  P O S I T I O N  NO. 4 0.36666 

+RADIATOR M O D I F I C A T I O N  

SYSTEM M E R I T  SCORE 

U N C E R T A I N T Y  

0.01296 

0 . 0 1 4 8 1  

0.02962 

0 a 0 0 9 2 5  

U N C E R T A I N T Y  

A I R L O C K / S T S  ON A X I S  P O S I T I O N  NO. 1 0.13333 0.01296 

A I R L O C K / S T S  OFF A X I S  P O S I T I O N  NO. 2 0 1 1 8 3 3 3  

MDA O Y  P.XIS P O S I T I O N  NO. 3 0 . 1 8 3 3 3  

MDA O F F  A X I S  P O S I T I O N  NO. 4 0 a44999 

* R E L O C A T I O N  OF I Y T E R N A L  STRUCTURE 

SYSTEM M E R I T  SCORE 

A I R L O C K / S T S  ON A X I S  P O S I T I O N  NO. 1 0 . 1 5 0 0 0  

A I R L O C K / S T S  OFF A X I S  P O S I T I O N  NO. 2 0 0 2 3 3 3 3  

YDA OW A X I S  P O S I T I O N  NO* 3 0 . 1 8 3 3 3  

VDA O F F  A X I S  P O S I T I O N  NO. 4 0 . 3 5 0 0 0  

I 

* LAUNCH STORAGE AREA 

SYSTEM M E R I T  SCORE 

A I R L O C K I S T S  ON A X I S  P O S I T I O N  NO. 1 0 0 3 8 3 3 3  

A I R L O C K / S T S  O F F  A X I S  P O S I T I O N  NO. 2 0 . 3 8 3 3 3  

MDA ON A X I S  P O S I T I O N  NOR 3 0.11666 

0 . 0 1 8 5 1  

0 . 0 1 8 5 1  

0.00000 

U N C E R T A I N T Y  

0 01296 

0 . 0 2 5 9 2  

0.02037 

0 02407 

U N C E R T A I N T Y  
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TABLE C-5 (Continued) 

MDA O F F  A X I S  P O S I T I O W  NO. 4 0.11666 

* WALL AREA CONSUMMED B Y  S A L  

SYSTEM M E R I T  SCORE 

A I R L O C K / S T S  ON A X I S  P O S I T I O N  NO. 1 0 . 3 8 3 3 3  

A I R L O C K / S T S  OFF A X I S  P O S I T I O N  NO* 2 0.10000 

MOA ON A X I S  P O S I T I O N  NO. 3 .  0.36666 

MDA OFF A X I S  P O S I T I O N  NO. 4 0.08 333 

+ R E F L E C T I O N  / O U T G A S S I N G  FROM T - 0 1 7 / T - 0 2 1  

SY S T  Ef+ Y E R I T  SCORE 

A I R L O C K / S T S  ON A X I S  P O S I T I O N  NO. 1 0 . 1 5 0 0 0  

A I R L O C K / S T S  O F F  A X I S  P O S I T I O N  NO. 2 0.16666 

MOA ON A X I S  P O S I T I O N  NO. 3 0.21666 

NDA O F F  A X I S  P O S I T I O N  NO. 4 0.36666 

*CREW OBSTRUCTIONS 

SYSTEM M E R I T  SCORE 

A I R L O C K / S T S  ON A X I S  P O S I T I O N  NO. 1 0.11666 

A I R L O C K / S T S  OFF A X I S  P O S I T I O V  NO. 2 0.31666 

MDA ON A X I S  P O S I T I O N  NO. 3 0 a 11666 

MDA O F F  A X I S  P O S I T I O N  NO. 4 0 3 5000 

W E A R  CO’VTROL S T A T I O N  

SYSTEM M E R I T  SCORE 

A I R L O C K / S T S  ON A X I S  P O S I T I C N  NO. 1 0.13333 

A I R L O C K / S T S  OFF A X I S  POSITION NO. 2 0 1 1 8 3 3 3  

VDA Ob’ A X I S  POSTTION N O o  3 0.23333 

0.00000 

U N C E R T A I N T Y  

0.03333 

O a 0 0 1 8 5  

0.03148 

0 . 00000 

U N C E R T A I N T Y  

0.01666 

0.0 1 8 5  1 

0.02407 

0.04074 

U N C E R T A I N T Y  

0.01296 

0 . 8 3 5 1 8  

0.01296 

0.03888 

U N C E R T A I N T Y  

0.0 1481 

0.02037 

0.02592 

100 



TABLE C-5 (Continued) 

MDA O F F  A X I S  P O S I T I O N  NO. 4 0 l 35 000 

* S A L - E X T E Y S I O N  ROD CLEARANCE 

SYSTEM M E R I T  SCORE 

A I R L O C K I S T S  ON A X I S  P 0 , S I T I O N  NO. 1 0 m 41666 

A I R L O C K / S T S  O F F  A X I S  P O S I T I O N  NO* 2 Om28333 

VDA ON A X I S  P O S I T I O N  Nom 3 Om 13333 

MOA O F F  A X I S  P O S I T I O N  N o m  4 0 e 10000  

+TRANSPORSATION 

SYSTEM M E R I T  SCORE 

A I R L O C K / S T S  ON A X I S  P O S I T I O N  NO0 1 Oe20000 

AIRLOCK~STS OFF AXIS POSITION NO. 2 0~20000 

MOA ON A ' X I S  P O S I T I O N  Nom 3 Om23333 

MDA O F F  A X I S  P O S I T I O N  Nom 4 Om23333 

*SCHEDULE E F F E C T  - S A L  I N S T A L L A T I O N  

S Y S T E V  M E R I T  SCORE 

A I R L O C K / S T S  ON A X I S  P O S I T I O N  NO. 1 0.11666 

A i R L O C K / S T S  OFF A X I S  P O S I T I O N  NO. 2 0.16666 

MDA ON A X I S  P O S I T I O N  NO. 3 0.26666 

MDA OFF A X I S  P O S I T I O N  NO. 4 0 e 3  1666 

*SCHEDULE E F F E C T  - AAP-2 M I S S I O N  

SYSTEM M E R I T  SCORE 

A I R L O C K / S T S  ON A X I S  P O S I T I O N  NO. 1 0 .18333  

A I R L O C K / S T S  O F F  A X I S  P O S I T I O N  NO1 2 0 .13333  

MDA ON A X I S  P O S I T I O N  NO. 3 Om23333 

0.03888 

U N C E R T A I N T Y  

bo01296 

Om03148 

0*01295  

Om00925 

U N C E R T A I N T Y  

0.03148 . 

0.03148 

0.03518 

Om03518 

U N C E R T A I N T Y  

0.02554 

0.04497 

0.02962 

0 l 035 18 

U N C E R T A I N T Y  

0.05740 

0.03068 

Om04708 
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TABLE C-5 (Concluded) 

MDA OFF AXIS POSITION NO. 4 0.28333 

*USE D U R I N G  AAP-3/AAP-4  M I S S I O N  

SYSTEM Y E R I T  SCORE 

A I R L O C K / S T S  ON A X I S  P O S I T I O N  NOD 1 0.43333 

A I R L O C K / S T S  OFF A X I S  P O S I T I O N  NO0 2 0.31666 

MDA ON A X I S  P O S I T I O N  NO. 3 Om11666 

MDA O F F  A X I S  P O S I T I O N  NO. 4 0. 11666 

*NASA CONTRACTURAL O B L I G A T I O N S  AND COST 

SYSTEM M E R I T  SCORE 

A I R L O C K I S T S  ON A X I S ,  P O S I T I O N  NO* 1 0 . 3 8 3 3 3  

A I R L O C K / S T S  OFF A X I S  P O S I T I O N  NO. 2 0 . 3 5 0 0 0  

MDA ON A X I S  P O S I T I O N ~ N O .  3 0.11666 

MOA O F F  A X I S  P O S I T I O N  NO0 4 0.10000 

0.03148 

U N C E R T A I N T Y  

0 * 01481 

O s 0 0 1 8 5  

0.00000 

0000000 

U N C E R T A I N T Y  



TABLE C-6. SOLUTION ALTERNATIVES PREFERENCE ANALYSIS 



REFERENCES 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

I O .  

I I. 

Churchman, C. West; Ackoff, Russel L. ; and Arnoff, El Leonard: 
Introduction to Operations Research. John Wiley and Sons, Inc. , 
New York, N. Y., 1957. 

Fishburn, P. C. : Decision and Value Theory. John Wiley and Sons, 
Inc., New York, N. Y. ,  1964. 

Miller, D. W. and Starr,  M. K. : Ewcutive Decisions and Operations 
Research. Prentice-Hall, Inc. , Englewood Cliffs, N. J. , 1960. 

Lifson, M. W. : Evaluation Technology (Class Notes from a Short 
Course on Evaluations of Engineered Systems). University of Cali- 
fornia Extension, Los Angeles , California, January, 1969. 

Hall, A. D. : A Methodology for Systems Engineering. D. Van Nostrand 
Company, Inc., New York, N. Y. , 1965, Chapters V, VII, VIII, X ,  XI, 
and XIII. 

Dewey, J. : Logic, The Theory of Inquiry. Henry Holt and Co. New 
York, N. Y., 1938. 

Copeland, B. R : Statistical Decision Theory. Management Services, 
May-June, 1968, pp 45-51. 

Chestnut, H. : Systems Engineering Methods. John Wiley and Sons, 
Inc. , New York, N. Y. , 1967, Chapter IVY pp 135-142 and Chapter V, 
pp 187-190. 

Goode, H. and Eckman, D. P. (Editor) : Systems: Research and Design, 
Chapter VI, A Decision Model for the Fourth-Level Model in the Boulding 
Sense. John Wiley and Sons, Inc., New York, N. Y., 1961. 

Stevens, S. S. : Handbook of Experimental Psychology. John Wiley 
and Sons, Inc., New York, N. Y. , 1951. 

Duncan, L. R. and Raiffa, H. R. : Games and Decisions. John Wiley 
and Sons, Inc. , New York, N. Y. , 1957, Chapters I1 and XI11 and 
Chapter XIV, pp 345-353. 

i 04 



REFER EN CES (Con t i n ued) 

12. Kepner, C. H. and Tregoe, B. B. : The Rational Manager - A System- 
atic Approach to Problem Solvinlg and Decision Making. McGraw-Hill 
Book Compaay, New York., N. Y. , 1965, Chapter 111, pp 48-53, and 
Chapter X,  pp 173-205. 

13. Woodsoni, T. T. : Introduction to Engineering Design. McGraw-Hill 
Book Company, New York, N. Y. , 1966, Chapters XI1 and XIII. 

14. Carr ,  C, R. and Howe, C. W. : Quantitive Decision Procedures in Man- 
agement and Economics. McGraw-Hill Book Company, New York, N. Y. , 
1964, Chapter I ,  pp 3-47. 

15. Fowlkes, J. K. : Of What Value is Value Analysis. Systems and Pro- 
cedwes Journal, September/October, 1967, pp 30-33. 

16. Lifson, M. W. : Value Theory, Cost-Effectiveness: The Economic 
Evaluation of Engineered Systems. University of California Extension,. 
Los Angeles, March 18-22, 1968. 

17. Dixon, J. R. : Design Engineering: Inventiveness, Analysis and Deci- 
sion Making. McGraw-Hill Book Company, New York, N. Y. , 1966, 
Chapter XI, and Chapter Xvf, pp 327-337. 

18. Bierman, H. ; Bonini, C. P. ; Fouraker, L. E. ; and Jaedicke, R. K. : 
Quantitative Analysis for Business Decisions. Richard D. Irwin, Inc. , 
Homewood, Ill. , 1965, Chapters I ,  11, IV, andXIV. 

19. Edwards, W. and Trevsky, A. : Decision Making. Penguin Books, 
Inc. , Baltimore,. Md. , 1967. 

20. Ackoff, R. L. : Scientific Method: Optimizing Applied Research 
Decisions. John Wiley and Sons, Inc. , New York, N. Y. , 1962. 

21. Samuelson, P. A. : Economics - An Introductory Analysis. McGraw- 
Hill Book Company, New York, N. Y. , 1961. 

105 



REFER EN CES (Concl uded) 

2 2. 

23. 

2 4. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

'. -1  

32. 

Savage , L. J. : The Foundation of Statistics. John Wiley and Sons , Inc. , 
New York, N. Y. , 1954- 

Shelly 11, M. W. and Bryan, G. L. : Human Judgements and Optimality. 
John Wiley and Sons, Inc. , New York, N. Y. , 1964. 

Von Neuman, John and Morgenstern, Oscar: Theory of Games and 
Economic Behavior. Third Edition, Princeton University Press , 
Princeton, New Jersey, 1953. 

United States Air  force: Systems Engineering Management Procedures. 
(AFSCM 375-5) , March 10, 1966. 

Fasal, J. : Forced Decisions for Value. Product Engineering, April 12, 
1965, pp 84-86. 

Moroney, M. J. : Facts from Figures. Penguin Books, Baltimore, Md. , 
1963, Chapter XVIII, pp 334-353. 

Stevens , S. S. : Measurement , Psychophysics , and Utility. Measure- 
ment - definitions and theories. 
Ratoosh, P. , John Wiley and Sons, Inc. , New York, N. Y. , 1959. 

Edited by Churchman, C. W. and 

MSFC drawing lOM12999. (Sheets 1 , 2, and 4) , MDA Assembly Layout. 

Airlock Design Data Book. McDonnell Douglas, December 15, 1967. 

MSFC drawing lOMl6112 , Structural Transition Section Equipment 
Assembly Modification Mockup. 

Platt, G. K. : AAP-1 through AAP-4 Baseline Configuration Definition 
Document. R-P&VE-XA-68-127, October 3, 1968, p 35. 

106 



B I BLIOGRAPHY 

Alchian, Armen A. : The Meaning of Utility Measurement. The American 
Economic Review, 53, 26-50, March, 1953. 

Alexis, M. and Wilson, C. Z. : Organizational Decision Making, Prentiee- 
Hall, Englewood Cliffs, New Jersey, 1967. 

Alger, John R. M. and Hays, Carl V. : Creative Synthesis in Design. 
Prentice-Hall, Englewood Cliffs, New Jersey, 1964. 

Asimow, M. : Introduction to Design. Prentice-Hall, Englewood Cliffs, 
Neyv Jersey, 1962 (Paperback). 

Barish, Norman N. : Economic Analysis for Engineering and Managerial 
Decision-Making. McGraw-Hill, New York, N. Y. , 1962. 

Borel, Emile: Probability and Certainty. Walker & Company, New York, 
N. Y. 1963. 

Borck, D. : Decision Theory: An Operations Research Tool. Systems and 
Procedures Journal, May/June, 1968, pp. 24-26. 

Borsk, E. C. and Chapman, J. F. : New Decision-Making Tools for Managers. 
Harvard University Press, Cambridge, Mass. , 1963. 

Chernoff, H. and Moses, L. E. : Elementary Decision Theory. John Wiley 
and Sons, Inc. , New York, N. Y. , 1959. 

Cooper, J. D. : The A r t  of Decision Making. Doubleday, Inc. , Garden City, 
New Jersey, 1961. 

Davidson, Donald and Suppes, Patrick: Decision Making - An Experimental 
Approach. Stanford University Press ,  Stanford, California, 1957. 

Eckenrode, R. T. : Weighting Multiple Criteria. Management Science, 
November , 1965. 

Eddison, R. T. ; Pennycuick, K. ; and Rivett, B. H. p. : Operational 
Research in Management. John Wiley and Sons, Inc. , New York, N. Y. , 
1962. 

107 



BIBLIOGRAPHY (Continued) 

Ellis, D. 0. and Ludwig, F. J. : Systems Philosophy - Human Subsystems. 
Section 3-3, Prentice-Hall, Inc. Englewood Cliffs, New Jersey, 1962. 

Ericson, W. A. : Decision Making Under Uncertainty. University of 
Michigan Engineering Summer Conferences, Ann Arbor , Michigan, June 17-28. 
1968. 

Gagne', R. M. : Psychological Principles in System Development. Holt, 
Rinehart and Winston, New York, N. Y. , 1965. 

Gregory, S. A. : The Design Method. Plenum Press, New York, N. Y. 1966. 

Hein, L. W. : The Quantitative Approach to Managerial Decisions. Prentice- 
Hall, Englewood Cliffs, New Jersey, 1967. 

Heyel, C. : The Encyclopedia of Management. Reinhold Publishing Corporation , 
New York, N. Y. , 1963. 

Hitch, C. J. : Decision Making for Defense. University of California Press, 
Los Angeles, Calif. , 1966. 

Johnson, R. A. ; Kast, F. E. ; and Rosenyweig, J. E. : The Theory and 
Management of Systems', McGraw-Hill Book Company, New York, N. Y. , 
1967. 

Jones, M. H. : Executive Decision Making. R. D. Irwin, Inc. , Homewood, 
Illinois , 1962. 

Kline, M. B. : Decision Theory, Cost-Effectiveness: The Economic 
Evaluation of Engineered Systems. University of California Extension, 
Los Angeles, Calif. , March 18-22, 1968. 

Machol, R. E. : Tanner, W. P. : and Alexander, S. N. : Systems Engineering 
Handbook. McGraw-Hill Book Company, New York, N. Y., 1965. 

Miller, D. W. and Star, M. K. : The Structure of Human Decisions. Prentice- 
Hall, Englewood Cliffs, New Jersey, 1967. 

108 



BIBLIOGRAPHY (Concluded) 

Milnor, John: Games Against Nature. Decision Processes, Edited by 
R. M. Thrall, C. H. Coombs, and R. L. Davis, John Wiley and Sons, Inc. , 
New York, N. Y., 1954. 

Peters, W. and Summers, G. : Statistical Analysis for Business Decisions. 
Prentice-Hall, Englewood Cliffs, New Jersey, 1968. 

Richmond, S. B. : Operations Research for Management Decisions. Ronald 
Press Co., New York, N. Y. ,  1968. 

Schermerhorn, R. S. and Taft, M. I. : Measuring Design Intangibles. 
Machine Design, December 19, 1968. 

Schermerhorn, R. S. and Taft, M. I. : Minimizing Risk Factors in Design. 
Machine Design, January 9,  1969. 

Schermerhorn, R. S. and Taft, M. I. : Utility Theory in Design. Machine 
Design, February 6, 1969. 

Shepard, R. N. : On Subjectively Optimum Selection Among Multiattribute 
Alternatives. Human Judgments and Optimality, Edited by Shelly, M. W. 
and Bryan, G. L. , John Wiley and Sons, Inc., New Pork, N. Y. 1964. 

Shuchman, A. : Scientific Decision Making in Business. Holt, Rinehart 
andwinston, Inc., New York, N. Y . ,  1963. 

Vance , S. : Management Decision Simulation. McGraw-Hill Book Company, 
New York, N. Y. ,  1960. 

c 

109 



NASA. TM X-53992 

APPROVAL 

A SYSTEMS ENGINEERING DECISION ALGORITHM WITH 

PROGRAM lNTE RATION PROBLEMS 
CATION TO APOLLO APPLICATIONS 

By C. E. DeSanctis 

The information in this report has been reviewed for security classifi- 
cation. Review of any information concerning Department of Defense or Atomic 
Energy Commission programs has been made by the MSFC Security Classifica- 
tion Officer. This report, in its entirety, has been determined to be unclassi- 
fied. 

This document has also been reviewed and approved for technical 
accuracy. 

W. C. ASKEW, Chief 
Mission Development Branch 

-sad& 
T. ISBELL, Chief 
Mechanical & Crew Systems Integration Division 

KARL L. HEIMBURG 
Director, Astronautics Laboratory 

110 



DIR 
Dr. von Braun 
Dr. Rees  

AD-S 
Dr. Stuhlinger 

PM-DIR 
Mr.  James 

PM-AA-MGR 
Mr.  Belew 

PD-DIR 
Dr.  Lucas 

PD-SA-DIR 
Mr.  Huber 

S& E-DIR 
M r  . Weidner 
Mr .  Richards 

S& E-ASTR-DIR 
M r .  Moore 

S& E-A.ERO-DIR 
Dr.  Geissler 

S&E-COMP-DIR 
Dr. Hoelzer 

S& E-QUAL-DIR 
Mr.  Grau 

S&E-ME-DIR 
Dr.  Siebel 

DISTRIBUTION NASA TM X-53992 

S&E-CSE-DIR 
Dr,  Haeussermann 
Mr. Mack 

S&E-CSE-A 
Mr. Hagood 

S& E-CSE-I 
Mr.  Hammers  

S&E-CSE-L 
Mr. May 

S&E-CSE-S 
Mr.  Aberg 

S& E-ASTN-DIR 
Mr.  Heimburg 

S& E-ASTN-S 
Mr. Isbell 

S& E-ASTN-SD 
Mr. Askew 
Mr. De Sanctis (15) 

S&E-CSE-V 
Mr. Brooks 

A &  TS-PAT 

PM-PR-M 

A & TS-MS-IP ( 2) 

A& TS-MS-IL ( 8) 

A &  TS-TU ( 6 )  
S& E-SSL-DIR 

Mr. Hel ler  

111 



DISTRIBUTION (Concluded) 

Scientific and Technical Information Facility ( 25) 
P. 0. Box 33 
College Park, Maryland 20740 
Attn: NASA Representative (S-AK/RKT) 

112 


